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Effects on Yolk Absorption, — ^As is apparent from an examination 
of the average yolk weights for the several groups, presented in table 
1 and plotted in figure 1, there were no differences which were signifi- 
cant when tested by their probable errors, or which appeared consis- 
h ntly in the different series. 

The high average value for the control chicks of shipment III, 
killed when r3 days old, is due to a single very large yolk. Omitting 
this one yolk would reduce the average yolk w^eight at 3 days of age 
for this lot from 3.44±:0.91 grams to 2.09zi:0.39 grams, and for the 
total group of controls, from 2.60 dz 0.41 grams to 2.04 ±0.19 grams. 



AGE of CHICKS la DAYS 

Pig. 1. The average yolk ■weights of chicks killed at different ages, from 
groups starved for various periods. 


The differences between various samples of the same shipment, 
killed at 1 day of age, before the lots had received any differential 
treatment (and, therefore, not included in the table), are of about the 
same order of magnitude as the later differences. The average yolk 
weight at 1 day of age for various samples of 15 chicks each, all sam- 
ples from the same shipment and having the same distribution of body 
weights, ranged from 4.32±0.16 to 5.00±0.34 grams. Since at 1 day 
of age the differences between the various averages are obviously due 
only to random sampling, the lines are all started from the grand 
average. The various averages are, however, shown as separate points 
on the graph (fig. 1). The fact that these differences are of about the 
same magnitude as, any of’ the later ones. confirms.'by .actual sampling 
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the evideiiee from the computed probable errors, that starvatiou had 
no effect on yollc absorption marked or consistent enoiigii to be signi- 
ficant with the niiinbers employed. 

Effects on Mortality . — The mortality rates' presented in table 2 
bring out seTeral points of interest. The first is that the chicks which 
were starved until 4 days old had a higher mortality than any of the 
other groups. This higher mortality is shown in both shipments II 
and III. The increase in mortality is due entirely to a higher death 
rate in the early weeks of life. After 3 weeks of age, there were no 
significant differences in mortality between the groups starved for 
varying periods and the control group. 

Further, it is to be noted that in three of the lots, the chicks of 
shipment III suffered a higher mortality than those of shipment II, 
and that this difference also was evidenced in the first 3 weeks of life, 
there being no difference in the later mortality of the two shipments. 

Finally, there appears to be no regularity in the differences ' 
between the male and female mortality in the various groups. Further 
discussion of the comparative mortality of the sexes will be deferred 
until the evidence from all the experimental groups can be considered 
together. 

7 An explanation of the method of calculating these mortality rates should be 
given, since by killing samples for yolk determinations at different ages, the number 
of chicks was arbitrarily reduced on these dates. Therefore, for each lot, the 
number of chicks (multiplied by 100) dying within a period between the killing of 
samples was divided by the number of chicks at the beginning of the experiment, 
minus the number of chicks which had been killed up to that tune. These mortality 
rates for the successive intervals of each particular lot were then combined by 
straight addition to obtain the mortality rate for the lot. This procedure amounts 
to assuming that the chicks which were killed would have suffered the same mor- 
tality rate as the rest of the chicks, and is as fair as any assumption which can 
be made. It should be stated that special precautions were taken that the samples 
killed should be nnselected with respect to general vigor, or resistance to the par- 
ticular handicap. This was ensured by making up the samples on paper, by day- 
old body weight and band number, without any reference to the appearance of the 
chicks. 

In computing the probable errors of the mortality rates, the number of chicks 
after all the samples had been killed was used in every case as the value of n in the 

formula, 0.6745 Jm. This means that the probable errors tabled are maxi- 
* n 

mum values. Minimum values would be about seven-tenths of the tabled values 
since about half the chicks of each lot were killed for yolk determinations in the 
course of the experiment. It should also be noted that it was necessary to use the 
observed mortality rate in every ease for the value of p in the f ormuia^ since 
there were no theoretical values, or values obtained from larger samples, which 
would be applicable to the various cases. Because of this difficulty, whenever the 
observed mortality rate happened to be zero, the probable error was automatically 
zero. Despite these limitations, it seemed worthwhile to include the probable 
errors, as approximations by which to judge the reliability of the differences ■ 
observed. 

Since all the chicks of shipment IV were killed for yolk weights during the 
first nine days of their life, mortality rates for the chicks of this shipment were 
not included. The data, however, are presented in table 21. 
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Effects on Body Weights of Survivors . — The average body weights 
at different ages, for the birds which survived the total experimental 
period of 20 weeks, are presented in table 3 and plotted in figures 
2 and 3. The data for the two sexes are treated separately. As with 
the yolk weights, the plots show only the averages for the total groups 
given a particular treatment, wdiile the table includes in addition the 
values for the separate lots. 


TABLE 2 

Mortality Bates* (per 100) m Lots Starved for Various Periods 


Shipment 

1 day 

Length of starvation period from hatching 

No. 

(conVols) 

2 days • 

3 days 

4 days 


Total mortality (through 20 weeks) 


11 

6.9±2.9 

5.3±2.5 

13.1=b3.8 

17.7±4.1 

Ill 

16.8±4.0 

21.7±5.1 

12.5±3.5 

35.1±5.1 

Total 

12.0±2.5 

11.5±2.6 

12.8d=2.6 

26.4±3.3 



Early mortality (hatching to 3 weeks of age) 


II 

4.1±2.2 

2.7=fcl.7 ! 

7.4=h3.1 

12.4±3.S, 

III. 

14.2±3.7 

14.6±4.4 

12.5d=3.5 

30.0±4.9 

Total 

9'.3±2.3 

. .7.0±2.1 ■■ 

9.7-fc2,4 

21.2±3.1 


Later mortality (3 weeks through 20 weeks of age) 


II 

2.8±1.9 

2.6±1.7 

5.7±2.7 

5.3±2.5 

Ill 

2.6=fc:1.8 

7.1±3.1 

O.OrfcO.O 

5.1±2.3 

Total 

2.7±1.3 

4.5±1.6 

3.1±1.3 

1 

5,2±1.7 



Comparative sex mortality (through 20 weeks) 


Ilcfs 

11.8±4.6 

O.OdrO.O i 

15.9±5.9 

28.3±7.5 

1198 ..| 

O.OiO.O 

8.0±3.7 

10.2±5.0 

8.6±4.2 

Illcf’s 

7.2±3.S 

9.9d=5.8 

13.0±6.1 

33.5=h7.1 

11198 

25.8±6.6 

32.5=b8.5 

12.6±4.5 

36.3±7.2 

Jotal cTs 

9.7db3.2 

5.1±3.0 

14.6±4.3 

31.0=fc5.3 

Total 9 s 

15.1±4.4 

17.2±4.0 

11.5±3.3 

22.3±4.4 


* The method.of computing these rates is given in the footnote on page 00. 


The graphs are plotted on semi-logarithmic paper, because of two 
^advantages “which this gives over plotting on arithmetic paper; the 
slopes of the lines indicate the rate of gain instead of absolute gouiny 
and the graphical differences between corresponding points on the 
several lines are more nearly in accordance with the probable errors 
/ of the differences at the various age^"''' ' ^ 
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It is apparent at once from an examination of tlie figures and 
tables, that in starved males and females alike tliere was a considerable 
loss of weight, roughly proportional to the length of the starvation 
period. The inequalities thus developed were maintained for the first 
few weeks, but -were gradually effaced more or less eonipletely. 
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AGE of CHICKS in WEEKS 

Fig. 2. The average body weights at different ages, of the males that sur- 
vived the period of 20 weeks, from groups starved for various periods. All 
four curves start from the same point at one day old. The losses in weight 
suffered by the several groups during the starvation period w^ere very closely 
proportional to the respective lengths of the periods. Therefore what appears 
as a single diagonal line at the left of the graph in reality represents the coin- 
cidence of the several curves during the starvation j>ei‘iods. 

In the case of the females, at 20 weeks of age there were no sig- 
nificant differences in the average weights of the several groups. In 
the case. of the males, aU the groups which had their first feed delayed 
were at 20 weeks of age slightly, and about equally, below the group 
which was fed at 1 day of age. These differences are Just on the border 
line of significance; the largest one, that between the chicks fed at 1 
day of age and those fed at 3 days of age, is 97.1±; 33.1 grams. 

Examining these differences further, it is seen that while in sMp- 
inent TI all the starved lots had at’ 20 weeks of age smaller "average 
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body weights than the control chicks, in shipment III the lots starved 
for 2 daj^s and for 4 days had at ahont 10 weeks of age practically 
overcome the detrimental effect of the delay in first feeding. There- 
fore the evidence is not very strong for a permanent effect in the 
males, and there certainly was no permanent effect in the females. 
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AGE cf CHICKS In WEEKS 

Fig. 3. The average body weights at different ages, of the females that 
survived the period of 20 weeks, from groups starved for various periods. All 
four curves start from the same point at one day old. The losses in weight 
suffered by the several groups during the starvation periods were very closely 
proportional to the respective lengths of the periods. Therefore what appears 
as a single diagonal line at the left of the graph in reality represents the 
coincidence of the several curves during the starvation periods. 


It is possible that the tendency toward a more permanent effect in the 
males which, to anticipate somewhat, was also evidenced in the case 
of several other handicaps, may have been related to the more severe 
competition among the cockerels. 

The standard de'^dations and coefficients of variation are given in 
tables 4 and 5 and are of the same order of magnitude as those found 
by other investigators working with chicks; see Pearl (1917) and 
Latimer (1924) . The relative variability is of the same order of mag- 
nitude as that found in rats; see Jackson (1913) and King (1918, 
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1919). In all the series the relative variability is lowest, about 10 per 
cent, at the beginning of independent life, rises to a maximnni of 
around 25 to 30 per cent, and then decreases again. 

TABLE 4 

Stanbakd Deviation's op Body ‘Weights op Dippeeent Ages, op the Chicks 
That Survived the Peoriod op 20 Weeks, prom Groups 
Starved for Various Periods 


Length of starvation period from hatching 


Age of chicks 

1 day (controls) 

2 days 

3 days 

4 daj's 

Males 

1 day 

2.8=fc 0.2 

3.0± 0.3 

3.0± 0.3 

3.1± 0.3 

1 week 

5.7d= 0.4 

5.6=fc: 0.5 

5.5± 0.5 

4.2± 0.4 

2 weeks 

12. 4± 1.0 

10. 4± 1.0 

10. 6± 1.0 

lO.ldt 1.0 

3 wedks 

22. 8± 1.8 

18. 9± 1.8 

20.2dr 1.9 

1S.5± 1.8 

4 weeks 

35.7=fc: 2.8 

Sl.Szt 3.0 

32. 5± 3,0 

27.4± 2.7 

5 weeks 

50.1=fc 3.9 

39.fdz 3.9 

47. 5± 4.4 

37. 6± 3.7 

6 weeks 

61.5d= 4.8 

53. 7± 5.2 

65 . 1 ± 6.0 

50. 9± 5.1 

8 weeks 

93.5zfc 7.3 

79. 0± 7.7 

64.8dr 7.8 

73. 2± 7.3 

10 weeks 

125. 6± 9.8 

102. 0d= 9.9 

120.7±n.l 

98. 5± 9.8 

12 weeks ' 

157.3d=12.3 

136.0d=13-2 

163.5drl5.0 

H7.4±1L7 

16 weeks 

194.3±15.2 

158.5±15.4 

198.0±16,2 

128.3±12.0 

20 weeks 

201.6d=15.8 

183.7±17.9 ; 

I86.3=fcl7.1 

132.6d=13.2 

Number of cfs ^ 

37 1 

1 

24 

27 

23 


Females 



3.5± 0.3 

I 3.0=h 0.3 

3.1± 0.3 

2.8=b 0.3 


6.9d: 0.6 

7.1=h 0.6 

4.7± 0.4 

5.Qdb 0.4 


* U.Odb 1.2 

13.9=h 1.2 

9,9± 0.8 

n.7d= 1.0 


24. 2± 2.2 

25. 9± 2.2 

18. 4± 1.5 

20. 0± 1.7 


34. 3± 3.1 

40.4d= 3.4 

28. 5± 2.3 

29.7d= 2.6 


49. 4± 4.5 

SS.Oifc 4.6 

, 42. 4± 3.4 

39.3dr 3.4 


63.6=fc 5.8 

67. 4± 5.6 

i 56.2dz 4.5 

49.5dr 4.3 

8 weeks 

83.0d= 7.6 

90.5=h 7.5 

76. 8± 6.1 

66.3d= 5.8 

10 w'eeks 

113.7±10.4 1 

138.4d=I2.7 

114. 7±: 9.5 
132.9±11.0 

103. 5i: 8.2 

118, 9d= 9.5 

78. 6± 6.7 

J ijX/fiip.lrpi 


156.1±14.3 
202.6±18.d ■ 

141.1±11.7 ^ 

186.9d:15.5 

139.8±li.l 

183.4=bl4.6 

96.1± 8.4 

11 7. 6± 10, 2 

20 weeks..., 


Number of 9 s ' 

27 . 

33 

36 

30 



The chicks which had been starved for the first 4 days after hatch- 
ing were (in the females after about 6 weeks, and in the males after 
about 10 weeks) somewhat less variable than the controls, both in 
respect to absolute and relative variability. The results further show 
that the relative variability of the females at 20 weeks of age was 
slightly in excess of that of the males in every group. The absolute 
variability was substantially the same for the two sexes. 
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TABLE 5 

COE,FFIGiEKTS OF A' AKIATION OF BODY WEIGHTS AT DIFFERENT AqES, OP THE, CHICKS 

That Survived the; Period' op 20 Weeks., fro'M Groitps 
ST ilR,VE» for. A^ARIO'US Peirio-ds 


Length of starvation period from hatching 


Age of chicks 

1 day (controls) 

i 

2 days 

1 

* 3 days 

' 4 days 

Males 

1 day 

7.6rb0.6 

8.2±0.8 

! 8. 2i0. 8 

8 . 4il::0 . 8 

1 week .. . 

10.4±0.8 

lO.Sil.O 

10.7±1.0 

9.3±0.9 

2 weeks 

15.4±1.2 

13,ld=1.3 

13.7±1.3 

14.1il.4 

3 weeks . . 

18.8=i=1.5 

15.6±1.6 

17.8il.7 

16.7±1.7 


21 n-f-1 7 

18 7^_1 9 

' 20.1±1 9 

17.1±1.7 

5 weeks 

21. Oil. 7 

17.0±1.7 

21.2±2.0 

16.9±1.7 

6 weeks 

19.6±1.6 

17.7il.8 

29,0±2.9 

17.3±1.8 

8 weeks 

22.5±1.9 

20.0±2.0 

2L8dz2.1 

18.8il.8 

10 weeks 

20.2±L6 

16,9±1.7 

20.8±2.0 

16.4±l.-7 

12 weeks 

17.7±1.4 

15.9il.6 

19.8±1.9 

13.6±1.4 

16 weeks 

14.3±1.1 

n2.3il.2 

15.6±1.5 

9.3i0.9 

20 weeks 

i2.4i0.9 

n.9±i.2 ; 

- 

12.2±1.1 i 

8.5i0.8 

Number of cfs... 

37 

,24 . i 

27 

23 


Females 


1 day 

9.8i0.9 

8.4i0.7 


7.8i0.7 


12.8il.2 

14.Idbl.2 

9.8i0.8 

n.4il.O 


16.7±1.6 

19. Oil. 6 

13. Til. 1 

17.5il.6 


21.7±2.1 

24.7i2.2 

17.5il.4 

19.7il.8 


22.8±2.2 

28.4i2.5 

19. 6il.6 

20.4il.8 


24.3i2.3 

28.5i2.5 

21.1il.8 

19.3il.7 

6 weeks 

23.7±2.3 

26.5i2.3 

21.5il.8 

18. Oil. 6 

8 weeks.... 

24.1±2.3 

26.4i2.3 

22.2il.9 

17.8i!.6 

10 weeks 

2L7i2.1 

21. Oil. 9 

19.8il.6 

I4.2il.3 

12 weeks..... 

19.1±1.8 

18.3il.6 

I6.3il.3 

12.1il.l 

16 w'eeks... 

I5.8il.5 

14.1il.2 

14.1il. I 

9.510.8 

9.610.8 

20 W'eeks: 

16.5±1.6 

15.3il.3 

14. Oil. 2 


Number of 9s 

27 

33 

36 

30 



EXPERIMENTS ON ADMINISTRATION OP POISONS 

For tlie particular purposes of these experiments the exact dosage 
or mode of action of the poisons used was not a primary consideration. 
The only requirement was the determination of a constant dose 
which, when administered to all the individuals of a group, would be 
lethal to a considerable proportion of the individuals, so that com- 
parisons could be made between individuals which survived and those 
which succumbed, and between survivors and controls. 
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Various considerations guided the choice of the particular poisons. 
Nicotine sulfate was used because of the widespread interest in its 
supposed stunting effect and because of its frequent use as a vermi- 
fuge for poultry. Mercuric chloride and arsenic trioxide were tested 
to determine whether heavy metallic salts, whose elimination is slow, 
might bring about more permanent effects than the other handicaps 
used. Sodiuin,chloride was of particular interest because of its uni- 
versal presence in the diet, and its poisonous action m excessive 
amounts. 

Experimental Procedure . — ^By preliminary trials, dosages were 
determined which w^ere lethal to about 30 per cent of the individuals 
of a group. The most satisfactory w’^ay to administer all of the 
poisons was found to be by mouth, in small gelatine capsules (No. 5). 
The capsules were dipped in olive oil, and placed well down the 
throat. 

The dosage adopted for nicotine sulfate was a capsule full (0.2 
cc.) of a 3 per cent solution. In the preliminary trials an 8 per cent 
solution had killed every chick to which it was given, a 6 per cent 
solution had killed 70 per cent of the chicks, and a 4 per cent solution 
had killed 50 per cent of the chicks. With the 3 per cent solution 
there was an almost immediate reaction, practically identical for every 
chick, a complete coma lasting for about fifteen minutes, but very 
few deaths. 

With the other poisons no immediate reaction could be seen, but 
in a large proportion of the cases of early deaths, certain characteris- 
tic postmortem appearances were found associated with each specific 
type of poisoning.® 

In preliminary trials, a capsule full of dry sodium chloride killed 
every chick to which it wms given; a capsule half full killed about 50 
per cent of the chicks; while of the chicks receiving a capsule one- 
quarter full none died. The dosage adopted therefore was a capsule 
one-third full, or 0.06 gram of the pure dry salt. This dose effected a 
mortality of 18 per cent in the chicks of shipment II ; in the ehieks 
of shipment III, however, the mortality was 70 per cent. Since the 

s The majority of the dead ducks from the nicotine group had very blue shanks 
and beak, the kidneys congested, and in several cases the right side of the heart 
filled with black clotted blood; those from the group given sodium chloride had 
the rectum and cloaca enox*mously distended, and very pale kidneys; in the chicks 
which died from the group given mercuric chloride the ureters appeared choked 
with urates; the cliieks which died from the 2 per cent dose of arsenic trioxide 
showed dark., lesions on the liver, but 'with the smaller doses of arsenic there were' 
no noticea.ble abnorm.alities. 
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latter group received tlie poison before receiving any feed,^ two lots 
in shipment IV were given this same dose. Both lots were given the 
salt at 24 hours of age, but one lot was fed before it was poisoned, to 
determine whether the higher mortality obtained in shipment III 
could be attributed to the difference in age of chicks at the time of 
receiving poison, or to its administration when the alimentary tract 
was empty. In the lot that had not been fed before poisoning eighteen 
chicks died, while in the lot that was fed before poisoning only 11 
chicks died. This difference is not nearly so great as that between the 
mortality suffered by the corresponding lots of shipments II and III. 

With both metallic poisons the preliminary trials had indicated 
a capsule full (0.2 cc.) of a 2 per cent solution as a satisfactory dose. 
When this dose was used, however, on the chicks of shipment II, so 
high a mortality resulted that the doses were reduced for the corre- 
sponding lots of the later shipments. The chicks of shipments III and 
IV were given a 1 per cent solution of mercuric chloride, and had a 
mortality rate practically identical with that of the lot getting the 2 
per cent dose, between 35 and 40 per cent. The decrease in dose was 
evidently counterbalanced by a slight inferiority of the later chicks, 
or by the later chicks not having been fed before receiving poisons, or 
by the combined effect of both differences. 

All of the chicks given the 2 per cent solution of arsenic died, so 
that the chicks which wmre to have been killed at 3 days old were used 
instead for a second arsenic lot,^*^ which was given a 0.5 per cent soln- 
Intion of arsenic. Since the resulting mortality was about 50 per cent, 
for the corresponding lots of shipments III and IV the dose was 
reduced to a 0.25 per cent solution. In shipment III, 14 per cent of 
the chicks died, while in shipment IV there were no deaths. Thus 
slight differences in the size of dose apparently had a greater influence 
upon mortality in the case of arsenic trioxide than in the case of 
mercuric chloride. 

Effects on Yolk Absorption,— FTom the averages presented in table 
6 and plotted in figure 4, it would appear at first glance that marked 
differences were obtained in the yolk weights of the various samples 

9 Since the preliminary trials had shown no difierence in results whether the 
poisons were given at one or two days of age, the chicks of shipment II were not 
given their poisons until the second day. It was then found to be of advantage, 
in order to save rehandling of the chicks on the second day, to give the poisons 
on the first day, before the chicks were put under the hovers. This procedure was 
accordingly followed with shipments III and IV. 

This explains the fact that no samples were killed from shipment II for 
yolk determinations at 3 days of age. 
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killed at 3 days old, all of tke poisoned groups except tkat giyen 
sodium chloride having yolks averaging less than the control gTOup. 
However, the differences are not significant, the largest ones being 
less than twice their probable error. The appearance arises largely 
from the influence of the one very large yolk already noted in the 
control group. As stated above, omitting this one observation would 
make the average for the controls of shipment III 2.09 dz 0.39 grams, 
and for the total group of controls 2.04zb0.19 grams. In the samples 
killed at 5 and at 7 days old, all the poisoned groups had yolks aver- 
aging slightly larger than the controls, but these differences also are 
not significant. At 9 days old, there was no regularity in the com- 
parisons, nor were any of the differences significant. 


TABLE 6 

Avbraq-e Yolk Weiohts (m Grams) op Samples Kilee3> at Dipperext Ages, 
PROM Lots Given Bifperent Poisons 


Shipment 

No. 

Controls 

Mercuric 

chloride 

Sodium 
chloride 
(not fed first) 

Sodiam 
chloride 
(fed first) 

Arsenic 

trioxide 

Nicotine 

sulfate 

Chicks killed at 3 days old 

III 

♦3.44±0.91 

2.01=b0.18 

2.60±0.41 

1.71=1=0,15 

1.66d=0.I6 

1.68=1:0.11 



2.04=1:0.27 

2.05±0.17 

2.04d:0.1S 

1.68±0.25 

1.99±0.25 

i.86=b0.18 

IV 

Total 

2.54db0.23 

2.54±0.23 

1.58=1:0.23 

1.58d=0.23 

Chicks killed at 6 days old 

11 

Ill 

0.31d=0.06 

0.47±0.17 

0.82=10.16 

0.58=10.09 

i 0.68=b0.20 
0.58d=0.15 
0.77=b0.20 
0.68=fc0.11 


0.98±0.28 

0.19=h0.06 
1.36=b0.47 
0.74=t0.19 i 
0.79d=0.17 

0.94i0.18 

0.68=t0.20 

0.99d:0.25 

0.88=h0.14 

IV........ 

Total 

1.16=1=0.22 
i 1.16=1=0.22 

1.29=1=0.31 

1.17=1=0.22 

Chicks killed at 7 days old 

11 

Ill 

IV.. 

Total............. 

G.12±0.07 

0.25=b0.14 

0.09=10.04 

0.14±0.04 

0.45=b0.24 

0.94=1=0.42 

0.12=1=0.19 

0.48=t0.16 

1.45=1:0.34 

0.40=h0.09 

0.79=1:0.18 

0.16±0.I9 

0.36=1=0.10 

0.27d=0.07 

0.22±0.08 

0 . 28 ± 0 .n 

0.05db0.06 

0.16d=0.04 

O.Ud=0.07 

0.80A:0.19 

0.09d:0.14 

0.29d=0.08 

Chicks killed at 9 days old 

II.J 

0.00=1=0.00 

*1.31=1:0.77 

0.22=b0.04 

0.41=fc0.20 

0.29=1=0.17 

0.35d=0.19 

0.08=1=0.04 

0.20=1:0.07 


0.17±0.07 


0.54d:0.31 
0.17d:0.06 
O.OOiO.OO 
0.22±0, 10 

HI 


0.63=1:0.33 

0.43^:0.18 

0.49d:0.16 

IV 

Total............. 

0.60db0,19 

o.eoio.ig 

0 09=1=0.04 
0.13d:0.04 


* Note, from the raw data in table 20, that each of these t’Viro high values is due to a single extreme ease. 
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From a careful study of the various comparisons to be niadey of 
the various poisoned groups with controls and with each other, and 
of the several lots which were subjected to the same handicap, it 
appears that there is only one difference occurring with sufficient regu- 
larity to warrant emphasis. The average yolk weights of 10 of the 12 
different samples of chicks given sodium chloride were larger than 
the corresponding averages for the controls. It is unfortunate that 
from shipment III a complete series of samples was not obtained. As 



AGE of CHICKS in DAYS 


Fig. 4. The average yolk weights of chicks killed at different ages, from 
groups given various poisons. 

has been noted above, the early mortality of this lot was very high, 
so that it seemed important to keep as many survivors as possible, 
rather than to kill samples for yolk weights. Two complete series of 
samples were obtained from shipment IV. 

In all shipments, chicks which were given sodium chloride before 
receiving their first feed averaged heavier yolks at every age than the 
controls. The chicks which were poisoned after they were fed also 
had heavier yolks than the control lot at 5 and at 7 days of age.- At 
3 and at 9 days of age, however, the yolks averaged slightly less than 
the controls. These two samples furnished the only exceptions to a 
generalization that yolk absorption was slower in chicks which received 
sodium chloride. 
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Effects on Mortality , — Some references have already been made 
to the mortality figures in connection witb tlie discussion of the 
dosages employed. The rates are presented in table 7, The main 
additional points to be mentioned are the same generalizations which 
were found to hold for the lots deprived of food for different periods ; 
namely, that there were no consistent differences in the male and 
female mortality rates, and that the subjection of the chicks to the 
early handicaps did not cause an increased mortality rate after three 
weeks of age. The total groups given mercuric chloride and nicotine 
sulfate had later mortality rates slightly higher than the controls, 
while those given sodium chloride and arsenic trioxide had mortality 
rates slightly below the controls. These comparisons, however, did not 
hold for all of the separate shipments, and were not significant in 
any ease. 


TABLE 7 

Mortalitt Bates (per 100) of the PoisoxEn anb Operateb Lots 


Shipment 


Mercuric 

Sodium 

Arsenic 

Nicotine 

Yolk 

No. 

Controls 

chloride 

chloride 

trioxide 

.sulfate 

removed 


Total mortality (through. 20 weeks) 


11 

6.9rb2.9 

38.5db5.2 

18.4±4.3 

50.3±5.7 

30.5±5.3 

25.0=i=5.1 

in 1 

16.8±4.0 

36.6±5.3 

70.0±4.1 

13.6±4.2 

23.8=fc4.8 

58.1=t:6.1 

Total 1 

j 

12.0±2.5 

j 

38.8±3.7 

44.8=fc3.4 

30.3±3.8 

26.9=1=3.6 

41.3=h4.3 


Early mortality (hatching to 3 weeks of age) 


11 

4.1±2.2 

36.0d=5.1 

15.7=1=4.0 

50.3±5.7 i 

19.1=fc4.5 

18.7=ir4.7 

Ill 

14.2±3.7 

25.8±4.9 

70.0=1=4.1 

13.6d=4.2 

18.4±4.3 

45.2=h6.1 

Total 

9.3=t2.3 

32,3=fc3.5 

43.7d=3.4 

30.3=b3.8 

18.6db3.1 

31.8=fc4.0 


Later mortality (3 weeks through 20 weeks of age) 


1 

11 .....! 

j 

2. 8=1=1. 9 ! 

2.5±1.6 

2. 7=1=1. 6 

0.0=b0.0 

11.4=t3.7 ' 

6.3dc2.9 

ni ...j 

2. Gil. 8 

10.8db3.4 

O.OdbO.O 

O.OiO.O 

5.4±2.6 i 

12.9=fc4.1 

Total 

i 

2.7±1,3 i 

6.5=hl.8 

1.1±0.9 

O.OiO.O i 

8.3±2.2 

9.5=fc2.6', 


Comparative sex mortality (through 20 weeks) 


lid’s.. 

11.8±4.6 

36.0=h7.2 

18.2=b5.5 

41.6±8.8 , 

3L2±7.4": 

21.1db6.2 

II $s 

0.0=fc0.0 

41.0d=7.4 

18.9±6.9 

sg.iis.o 

30.9d=7.5 . I 

30,8±8.7 

nicfs 

7.2=b3.9 

41.1d=7.4 

75.0=1=6.3 

10,4=1:6.0 

21.3d=7.2 

82.5=1:6.6 

i 

25.8=b6.6 

32.4=1:8.0 

66.7=1:5.4 

16.3=1:5.5 

26. 9=t6. 3 

42.9=h9.0 

Total cf s 

9.7±3.2 

42.2db5,3 

41.4:1:5.0 

26.9±5.5 

! 26.4±5.2 . 

44.5±5.6 

Total 98 

15.1=1=4.4 

1 35.8=1:5.4 

1 48.4=1=4.8 

33.0A5.0 

28.6=1:4.7 

37.0d:6.3 
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Effects on Body W eights of Survwors . — Turning now to the body 
weights of the survivors, whieh are presented in table 8 and plotted 
in figures 5 to 8, several points- are to be observed. The first is that 
the only group which throughout the entire period remained below 
the control group in all four sub-groups (both sexes separately, and 
both lots separately) was the group given mercuric chloride. At 



Fig. 5. The average body weights at different ages, of the males that sur- 
vived the period of 20 weeks, from groups given heavy metallic poisons. 

20 weeks of age the males of shipment II which had been given mer- 
curic chloride averaged 152 ±38 grams lower in body weight than 
the controls. The difference between the average weights of the 
females from these same lots was only 53 ±50 grams. For the corre- 
sponding lots in shipment III the difference was 62±72 grams in the 
ease of the males, and 162±59 grams in the case .of the females. 
Combining the lots, the differences for both sexes are just on the 
border line of significance, being 112±41 grams for the males and 
112±42 grains for the females. Thus, while the differences are not 
significant, the fact that they are all in the same direction is sugges- 
tive, and indicates that this point may be w’^orthy of further inves- 
tigation. 
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Tlie only other poison which gave uniform results in all sub-groups 
was sodium chloride. The survivors from this poison showed no 
material differences in body w^eight as compared with the controls, 
in either sex in either of the lots. This was true in spite of the fact 
that the mortality was very markedly higher in the lot from shipment 
III than in the lot from shipment II. 



age: of CHICKS in WEEKS 

Fig. 6. The average body weights at different ages, of the females that 
survived the period of 20 weeks, from groups given heavy metallic poisons. 


The two arsenic lots gave interesting results, which may be cor- 
related with the differences in mortality effected by the slightly dif- 
ferent dosages einploj^ed. The males of shipment II (which received 
the 0.5 per cent dose of arsenic and suffered a 50 per cent mortality) 
remained markedly lower in weight than the control lot throughout 
the period of 20 weeks (actual difference, 208 it 66 grams at 20 weeks), 
wdiile the males of shipment III (wdiich received the 0.25 per cent 
dose of arsenic and had only 13 per cent mortality) equalled the con- 
trols in body weight. 

The females of shipment II given arsenic trioxide equalled the 
controls after about 10 weeks of age, and those of shipment III after 
about 2 weeks. Among the females, therefore, while there "was even- 
tual recovery in both shipments, the ■smalier.,dose"' apparently, allowed 



Probable errors of the 20-week weight. 
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Effects on Body Weights of Survwors , — Turning now to the body 
weights of the survivors, which are presented in taole 8 and plotted 
ill figures 5 to 8, several points are to be observed. The first is that 
the only group which throughout the entire period remained below 
the control group in all four sub-groups (both sexes separately, and 
both lots separately) was the group given mercuric chloride. At 



AGE of CHICKS m WEEKS 

Fig. 5. Tlie average body weights at different ages, of the males that sur- 
vived the period of 20 weeks, from groups given heavy metallic poisons. 


20 weeks of age the males of shipment II which had been given mer- 
curic chloride averaged 152±:38 grains lower in body weight than 
the controls. The difference between the average weights of the 
females from these same lots was only 53 ±50 grams. For the corre- 
sponding lots in shipment III the difference was 62±72 grams in the 
case of the males, and 162± 59 grams in the case of the females. 
Combining the lots, the differences for both sexes are just on the 
border line of signifi.cance, being 112±41 grams for the males and 
112 ±42 grams for the females. Thus, while the differences are not 
significant, the fact that they are all in the same direction us sugges- 
tive, and indicates that this point may be worthy of further inves- 
tigation. 
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Tlie only otlier poison wMcIi gave uniform results in all sub-groups 
was sodiinn cMoride. The survivors from this poison showed no 
material differences in body weight as compared with the controlSj 
in either sex in either of the lots. This was true in spite of the fact 
that the mortality was very markedly higher in the lot from shipment 
III than in the lot from shipment II. 



AGE of CHICKS in WEEKS 

Mg. 6, Tlie average body weights at diJfferent ages^ of the females that 
survived the period of 20 weeks, from groups given heavy metallic poisons. 


The two arsenic lots gave interesting results, which may be cor- 
related with the differences in mortality effected by the slightly dif- 
ferent dosages employed. The males of shipment II (which received 
the 0.5 per cent dose of arsenic and suffered a 50 per cent mortality) 
remained markedly lower in w^eight than the control lot throughout 
the period of 20 weeks (actual difference, 208± 66 grains at 20 weeks), 
while the males of shipment III (which received the 0.25 per cent 
dose of arsenic and had only 13 per cent mortality) equalled the con- 
trols in body weight. 

The females of shipment II given arsenic trioxide equalled the 
controls after about 10 weeks of age, and those of shipment III after 
about 2 weeks. Among the females, therefore, while there was even- 
tual recovery in both shipments, the smaller dose apparently allowed 
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a more rapid recovery. When the two shipments are combined they 
give a spurious appearance of showing a less complete recovery, as 
compared with the controls, because of the fact that there happened 
to be three times as many females in the survivors of this lot in ship- 
ment III as in shipment II (and shipment III was inferior to 
shipment II in all lots, as evidenced by both mortality and body 
weights), so that the average of the total group is heavily weighted 
with the inferior birds. When the data are properly analyzed, there- 
fore, the females show the more complete recovery than the males 
which was noted in the eases of starvation. 
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AGE of CHICKS m WEEKS 

^ Fig. 7. Tlie average body weights at different ages, of the males that sur- 
vived the period of 20 weeks, from the operated group, and from groups poisoned 
by substances normally or frequently administered to ehicka. 

This same result was obtained wdth nicotine sulfate. The males 
remained below the controls in both lots; the differences were 228±54 
grams and 59±:78 grams for the separate shipments, and 150±38 
grams for the total group. The females again showed complete recov- 
ery in both shipments. * . ■ 

The main points to be noted from the standard deviations and 
coefficients of variation in tables 9 and 10 are that there were no sig- 
nificant' differences in the standard deviations" of the' "various'' groups,. 
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EFFECTS OF EARLY HANDICAPS ON CHICKENS 
AS MEASURED BY YOLK ABSORPTION AND 
BODY WEIGHT TO TWENTY WEEKS OF AGE'* ^ 

SYLVIA L. PARKEKs 


GENERAL PROBLEM AND LITERATURE 

That growth is markedly influenced by environmental factors is 
well known. The precise efl'ects and optimum conditions have been 
the subject of so many investigations that reference can be made only 
to those which have the most direct bearing on the experiments 
reported here. Most of the previous inyestigations have been con- 
cerned with the results obtained when the experimental subjects were 
kept continuously under the i:)articular emuronmental conditions. 
The point with which the present experiments are primarily concerned 
is the question of how permanent the effects of environi|iental handi- 
caps are, w^hen those handicaps are maintained for only a short time, 
during the early life of the subjects. 

There are in the literature numerous indications that individuals 
may recover completely, even when adverse conditions have been 


1 Contribution No. 9 from tbe Division of Poultry Husbandry, University of 
California Agricultural Experiment Station. 

2 This investigation was conducted under the direction of Dr. S. J. Holmes, 
whose criticism, and suggestions are gratefuUy acknowledged. The author wishes 
to acknowledge also the constant interest and encouragement of Dr. W. A. Lippin- 
eott, the skillful management of the chicks hy H. B. Mugglestone, and the technical 
assistance of Miss Henrietta Rhoades and Mrs. E. K. Mosher, who made many 
of the routine observations and carried through a large part of the computation. 
Mrs- Marie Paterson prepared the manuscript for publication and assisted in 
reading the proofs. 

s Assistant Professor of Poultry Husbandry and Assistant Poultry Husband- 
man in,'" the Experiment' Station." 
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long* eoiitiniied. Tliins Osborn and IMendel (1915) foiiiid tliat I’ats 
whose growth had been suppressed for long periods by inanition still 
retained the capacity to grow, so that growth recurred at periods far 
beyond the age at which it ordinarily ceases. 

Several investigators had previously found that growth could be 
retarded or even suppressed for brief periods at an early age w^ithout 
permanent effects on weight. Minot (1891) states that a young guinea 
pig may lose oiie-tliird of its weight from intestinal catarrh and make 
good the loss later, and cites Pagliani (1879) as showing that' under- 
sized children brought ni3 in poverty may recover in the most sur- 
prising manner if placed under favorable cireiunstances. Hatai (1907, 
]>. 320) found that ‘'so far as the weight of the body and central 
nervous system are concerned, the effect of a tw^enty-one day period 
of partial starvation on albino rats thirty days old is eventually com- 
pletely compensated d’ Boas (1912) noted that in children, while 
retardation of early growth is made up by abnormally rapid develop- 
ment at a later period, an iindufv prolonged retardation produced 
permanent effects. Aron (1910, 1914) working with dogs and rats, 
and Morgulis (1911, 1913) with salamanders, observed that periods 
of inanition were followed by periods of very vigorous growffh. 

Several investigations have been concerned w’-ith the effects of star- 
vation on partieiilar organs (Aron, 1911; Jackson, 1913, and 1917; 
Stewart, 1916), ineasiiring the differential loss of weight suffered by 
the several organs and tissues during starvation. 

As Aron (1911) points out, most of the scanty experimental evi- 
dence heretofore collected on this topic pertains to subjects which have 
been stunted in their growth by imderfeedingv and he raises the 
(piestion as t<> wlietlier the conclusions drawn from such a mode of 
inhibition apply eqiiall^^ well to other conditions of retarded growffh. 

Shapiro (1905) chloroformed young kittens twice a day and 
observed a marked retardation in growth, and later recovery after 
the treatments were stopped. However, he used only* three kittens, 
alternating them as experimental and control animals. A few obser- 
vations were made by Bichon and Perrin (1908) on the retardation 
of growth in rabbits by injections of nicotine and the recovery after 
the\injectk)ns'vvere 'diseontimied. In '11118 case too, only affew animals 
were used and individuals are cited, some of which compare very 
favorably with the controls, while others do not. 

All of these experiinents seem to have been conducted with the 
point of view typified by the following quotation from Osborne and 
Mendel (1915, p. ''453) ':ff'‘’It”shoiikr be'^noted thatff he 'resumption 'Of 
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growth lias not been as perfect in eveiw' instance as in the typical 
records here presented. A positive result in these cases is far more 
valuable than a failure, because the latter may arise from a variety 
of extraneous, as well as inherent, causes which he [the investigator] 
cannot control or discover. In prolonged stunting, the animals may 
sometimes reach a precarious condition in which their vitality may 
become impaired beyond the possibility of recovery. They are sensi- 
tive to nocuous influences and cannot be expected to show great resists 
a nee under the conditions of limited diet. Subsequent statistics may 
show damage hitherto unappreciated. The factor of safety must be 
small.'’’ 


STATEMENT OP SPECIFIC PROBLEM 

A consideration of these facts made it desirable to study the effects 
of a variety of handicaps, and to measure average results upon groups 
of individuals compared with control groups. Further, it seemed 
important to determine the relationship between the permanence of 
the effects and the extent of the injury as measured by the mortality 
rate, in groups where the handicap was made severe enough to pro- 
duce a considerable mortality. 

The subjects chosen w’ere baby chicks. This choice made possible 
the use of t^vo measures of the effects of the experimental treatment — 
growth rates, and the course of yolk absorption. 

The handicaps to wdiich the various lots w'ere subjected included 
overheating; chilling; complete starvation for different lengths of 
time after hatching ; total deprivation of water for a given period ; 
certain poisons, the particular ones chosen being nicotine sulfate, 
mercuric chloride, arsenic trioxide, and sodiiini chloride ; and a major 
operation, in this ease the removal of the iinahsorbed yolk at one 
day of age. 

PLAN OF EXPERIMENTS 

The chicks were Single Comb White Leghorns obtained from a 
large commercial hatchery, since it was important to have a large 
representative population which had hatched during a short interval 
of time.. Eggs, which are all '.set at the same time hatch throughout ' an 
interval of some 36 hours, and the incubators usually are not opened 
until the hatch is '.practically.- complete/' By special arrangement for 
these,. experiments, ' the,' ineubators.^ 'w^ere-'ope'neci and' chicks furnished 
.'which' hatched, .'w'ithin '' a 6-h.our 'perio.d.„ '■ 
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For tlie major portion of the experiments approximately 1,800 
chicks were used. The exigencies of the experimental treatments tQ^ 
be described made it physically imi)ossible to handle them all in one 
day. Therefore they were obtained in three separate shipments of 
600 chicks each, on October 4, 6, and 8, 1927. These will hereafter be 
referred to as sliipinents I, II, and III. 

The chicks of shipment I were divided into four equivalent lots. 
In making up the lots all the chicks were weighed individually when 
the average age was 24 hours. As they were weighed they were sorted 
according to weight to the nearest gram. After the entire shipment 
had been weighed, the chicks in each weight class were distributed 
equally among the four lots. This procedure was adopted to ensure 
having the lots as comparable as it was possible to make them at the 
time the dilferential experimental treatments were given. 

The same procedure was followed for shipments II and III, except 
that each shipment was divided into nine lots. Eight different experi- 
mental treatments were given to eight of the lots, respectively, from 
shipment II. The same eight treatments were given to eight lots, 
respectively, from shipment III. One lot from each shipment was 
used as a control. 

The reasons for these differences in procedure between shipment 
I and shipments II and III arose from the fact that the treatments 
given the several lots in shipment I (overheating, chilling, and depriva- 
tion of water) required that each lot be housed separately for the 
first few days. This was not essential for the experimental treatments 
given shipments II and III (starvation,'^ administration of poisons, 
and removal of yolk at 1 day of age). Hence, advantage was taken 
of the opportunity to duplicate each experimental treatment on two 
smaller lots rather than simply carry it out on one larger one. Where 
more than one lot was given a particular experimental treatment, 
these may hereafter on occasion be referred to together as an experi- 
mental group.'; , 

All chicks were individually marked with serially numbered wing 
bands, and were housed in 8x 8 foot colony houses having concrete 
outdoor runs. Each house was equipped with a Lyons thermostatically 
controlled electric hover. One hundred and fifty chicks were put 
under each hover, which was of the size to accommodate 350. All, the 
lots of a given shipment (except in shipment I, and those after the 

4 All starved lots were held in chick boxes until the time of their first feeding. 
This is a standard practice among poultrymen in delayed feeding. For these experit 
ments it seemed desirable, since it prevented the results from being complicated by 
factors other than inanition, such as litter eating, toe picking, etc. 
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first few days) were distributed equally among tbe different bouses. 
This ensured having all environmental conditions except the differ- 
ential experimental treatments identical, and also put handicapped 
'and control chicks in competition with each other. Prom the stand- 
point of the ultimate bearing of these experiments on the general 
problem of the permanence of effects of early handicaps, this pro- 
cedure seems preferable to the isolation of differentially treated 
groups. 

At 8 wrecks of age the chicks were all moved to larger open front 
houses wdthout hovers. The sexes were separated, and all of a given 
sex from a given shipment were put together in one house. About 
this time all lots suffered mildly from coccidiosis. The outbreak was 
not serious but, as an inspection of the graphs presented later will 
show, it caused a slight and approximately equal dip in all the growth 
curves. 

All chicks were fed the same standard ration. A dry mash con- 
sisting of ground grains, fish meal, and mineral supplements was 
before the chicks constantly. Scratch grains were fed in addition 
after the chicks were one w^eek old. Fresh greens ’were supplied daily. 

Unless otherwise stated all lots were given feed and water when 
twenty-four hours old. Starvation refers to the withholding of both 
food and water. 

Individual body weights were secured at 1, 2, 3, 4, 5, 6, 8, 10, 12, 
16, and 20 weeks of age. The weights were taken by means of a special 
Toledo scale, giving readings by 1-gram divisions for objects under 
500 grams weighed in a small scoop at the end of an extended beam, 
and by 10-gram divisions for heavier objects w^eighed on the main 
platform. 

It was not practicable to make observations on the actual progress 
of yolk absorption in living chicks, in the large numbers which pre- 
liminary work had shown to be necessary because of the variability 
of the process. Therefore an indication of the course of yolk absorp- 
tion was obtained by killing samples of chicks from each group at 
different ages and weighing the unabsorbed yolks. The yolk sacs with 
their contents were carefully dissected out and weighed to the nearest 
hundredth of a gram on a chemical balance. Yolks weighing less than 
0.01 gram were classified as absorbed. 

The samples which w^ere killed for yolk weights were always chosen 
so that the frequency distributions of day-old body weights were the 
same for all the different groups, and also the same as that of the total 
group at the start of the experiment. This is an important preeau- 
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tion because of the correiation between day-old body weights and yollv 
weights^ the eTidence of wliieii wall be presented later. 

It was planned to kill 15 chicks from each experimental group at 
each of the following ages: 1, 3, 5, 7, and 9 days. Because in par- 
ticular instances this procedure could not be carried out completely, 
an additional shipment of chicks was obtained, which will be referred 
to as shipment lY. These chicks were divided into 15 lots of 40 chicks 
each and w^ere used for yolk determinations of the entire series of 
handicaps previously tested, and for three additional ones. 

All chicks that died were examined for unabsorbed yolk, and for 
any abnormal postmortem appearances. 

All the raw data of the experiments, including yolk weights, mor- 
tality data, and body weights of survivors, are presented in tables 20 
to 23,''’ in the appendix. 

The most convenient plan for analyzing these data is to discuss first 
certain more or less natural groupings of the various handicaps. After 
these are discussed separately, the data of the various experiments 
are combined to allow more general comparisons to be made, of hand- 
icapped with control chicks, and of survivors with chicks which died. 


EXPERIMENTS ON STARVATION FOR DIFFERENT 
LENGTHS OF TIME AFTER HATCHING 

Since the newly hatched chick has so large a store of nutriment 
within its body in the form of yolk, the belief has arisen that not only 
does the chick not require other food during the first two or three days 
after hatching, but that other food actually interferes with the nor- 
mal absorption of the yolk, and is thereby injurious to the chick. 
Practically all recommendations to poultrymen (e. g., Alder, 1924; 
Yandervort, 1925; Clickner, 1927) contain emphatic warnings that 
if chicks are fed too early, or too much, the yolk will not be absorbed, 
and digestive troubles and siibsequent losses will result. The period 
recommended for withholding all feed varies from 48 to 72 hours 
after hatching, with strictly limited feed for two to three weeks there- 
after. 

The only figures on yolk absorption we have been able to find in 
the literature are those given by Yirchow (1891) and Schilling and 

s These tables were for the purposes of publication reduced i)hotographicallv 
bejond the point of ready visibilitj. In this way it was possible to make available 
for any other workers all the actual raw data.: If desired, the figures may of 
course be re-enlarged pliotogi'aphieally, or they may be eam^ made out with a 
reading lens. 
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Bleeeker (1928). Virciiow (p. 288) gives the iiiiabsorbed yolk weights 
for six chicks only, as follows: 

12 hours old 5.34 grams 

36 3.24 '' 

3 days old 2.50 

3-4 '' 0.60 '' 

5- 6 0,05 '' 

6- 7 0.43 

Schilling and Bleeker’s paper appeared after the experiineiits here 
reported had been completed. Their investigation was directed to the 
solution of the same general problem of the influence of food con- 
sumption upon the rapidity of yolk absorption. They used 75 chicks. 
Ail were starved for the first three days. One group was thereafter 
given food ad lihitum. The other group was given approximately 
one-fourth as much feed. The conclusion reached was that through 
the period .of their observations, wdiich included the first nine days 
after hatching, there was no evidence that the quantity of food eon- 
suined influenced the rate of yolk absorption. As will be seen, their 
conclusion, based upon the quantity of feed given, is in complete 
agreement with the results obtained in the experiments reported here, 
on the basis of differing periods of starvation. 

Experimental Procedure . — In preliminary trials two periods of 
starvation— 24 hours and 72 hours — ^had been tested. No significant 
differences appeared in the rate of yolk absorption in the two groups; 
there were, however, some indications of a difference in growth rate. 
It therefore seemed desirable to test a more complete series of periods 
of starvation, up to the point where some deaths from starvation 
occurred. This point was found to be 5 days after hatching.** 

The starved chicks were weighed again just before they were given 
their first feed, to determine the loss of weight which occurred during 
the starvation period. 

^ It is interesting to note that autopsies of tlie starTed cdiieks whidi died 
revealed in many eases considerable quantities of unabsorbed yolk, suggesting 
that the yolk of itself is not sufficient to support life. All of the starved chicks 
that died showed a characteristic appearance of the alimentary tract, as compared 
with autopsy findings in dead chicks from other lots at comparable ages. Th<‘ 
same appearance was found in chicks from the starved lots killed for yolk detcr- 
minations before their first feeding. In starved chicks the gizmrd was always 
small and soft walled, and the intestines black and shriveled. 

Further evidence that the presence of normal unabsorbed yolk does not indicate 
that other food is unnecessary was found in the fact that chicks froin wdiieli the 
yolk had been removed at 1 day of age withstood starvation nearly as long as 
unoperatecl birds. This point is being investigated further, and will he reported 
more ' completely at ' a 'later date. ■ 
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TABLE 1 

Average Yolk Weights, (in* Grams) op Samples Kille© at Dipperekt Ages, 
PROM Lots Starve© for Yario-ijs Periods 


Shipment No. 

Length of starvation period from hatching 

1 day 
(controls) 

2 days 

3 days 

4 days 

5 days 

4 days, 
given water 

Chicks killed at 3 days old 

HL... 

*3.44d=0.91 

2.0i±0.18 

2.60±0.41 

2.35±0.46 

2,22±0.44 

2.27d=0.32 

2.54=b0.55 

1.67±0.18 

2.00±0.25 

2.02db0.34 

2.30±0.29 

2.20d=0.22 



IV 

Total 

2.0t>±0.26 

2.06±0.26 

2.01d=0.22 

2.01±0.22 

Chicks killed at 5 days old 

IT : 

0.31±0.04 

0.47±0.I7 

0.82±0.16 

O.S8±0.09 

0.40±0.05 

0.95±0.34 

0.58±0.12 

0.66±0.13 

0.48±0.08 

0.65±0.18 

0. 77±0. 12 
0.66±0.08 

1.26=fc0.34 

1.02±0.17 

0.59d=0.10 

0.90=fc0.12 



HI 



IV.... : 

Total 

0.84i:0.1I 

0.84=b0.11 

0.97±0,24 

0.97±0.24 

Chicks killed at 7 daj’-s old 

ir 

a,12i:0.05 
0.2d±0. 24 
0.09±0.04 
0.14±0.04 

0.12±0.07 

0.23=k0.08 

0.12±0.04 

0.15±0.03 

0.57±0.I3 

0.09=2x0.04 

0.24±0.09 

0.30±0.07 

0.47±0.16 

0A9±0.14 

0.17±0.05 

0.36±0.07 



in... 



IV 

Total 

0.17=b0.06 

0.17±0.06 

0.20db0.07 

0.20±0.07 

Chicks killed at 9 days old 

II, 

0.00±Q.00 

n.3ldz0.54 

0.22±0.06 

0.41±0.20 

0.06±0.04 

0.13±0.08 

0,22=b0,07 

0.15±0.04 

0.40d=0.25 

O.OldrO.Ol 

0.03±0.01 

0.16d=0.09 

0.53±0.33 

0.07=t0.02 

0.08=t0.02 

0.27±0.15 



in 



IV..: 

Total 

O.OOiO.OO 

O.OOiO.OO 

0.46±0.25 

0.46±0.25 


^Note from the raw data in table 20 that each of these tw’o high values is due to a single extreme case. 
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or of the two sexes. The high value of the standard deviation of the 
males of the arsenic trioxide group (97zfc38 grams higher than the 
controls) is due to a single very small bird which weighed only 710 
grams at 20 weeks of age. Omitting this indmdual would reduce the 
standard deviation to a value only 20+31 grams above that for the 
controls, or 222 ±26 grams. In every case except this one, the relative 
variability was slightly greater for the females than for the males, as 
was found to be true in the starved groups. 


TABLE 9 

Standard Disviations of Bo-dy Weights at Different Ages, of the Chicks 
That Surviwd the Period of 20 Weeks, from Poisoned 
AND Operated Groups 


Age of chicks 

Controls 

Mercuric 

chloride 

Sodium 

chloride 

Arsenic 

trioxide 

Nicotine 

sulfate 

Yolk 

removed 

Males 

1 day ■ 

2.8± 0.2 

2.9± 0.3 

2.8=t 0.3 

2.5± 0.3 

. 3.0d: 0.3 

2 . 5 ± 0.3 

1 week 

5 . 7 ± 0.4 

7.8± 0.8 

S.Od: 0.8 1 

6.7d= 0.8 

5.5d: 0.6 

5.4d: 0,6 

2 weeks 

12. 4± 1.0 ^ 

14.2=t: 1.5 

14.9d= 1.6 ' 

13. Od: 1.5 

11. 4d: 1.2 

S.Odb 1.0 

3 weeks 

22. 8± 1.8 

21. 0± 2.2 

24.3d: 2.5 ; 

25. 2± 2.9 

19.3d: 2.0 

15. 9d: 1.7 

4 weeks 

35. 7± 2.8 

29.7d= 3.1 

41. 3d: 4.3 

41.3d: 4.8 

29. 5d: 3.1 

24. 6± 2,6 

5 weeks 

5().l=b 3.9 

42. 6± 4.4 

65. 6d: 5.8 

58.9d= 6.8 

44. 4d: 4.6 

36. Od: 3.8 

6 weeks 

61.5=fc 4.8 

61. 0± 6.4 

74 . 5 ± 7.7 

78. 7d: 9.1 

70. 5± 7.3 

52.3d: 5.6 

8 weeks 

93.5± 7.3 

84.9d= 8.8 

101.1d:10-5 

100.6±11.6 

79, Od: 8.2 

81. Id: 8.6 

10 weeks 

125. 6± 9.8 

119.3±12.4 

110.7d:n.5 

159.8d:18.5 

123.9±12.9 

110.4d:11.8 

12 weeks 

i57.3±12.3 

150.6±15.7 

142.6drl4.8 

212.7±24.6 

149.7d:15.6 

154.3d:i6.4 

16 weeks 

194.3±15.2 

176,7±18.4 

163.3drl7.0 

260.7d:30.2 

184.4dbl9.2 

199.5d:21.3 

20 weeks 

201.5dbl5.S 

236.3±24.6 

m.9=kl9.7 

298.2±34.5 

208.7±21.7 

200.3±21.4 

Number of c?s 

37 

21 

21 

17 ' 

21 

20 


Females 


1 day 

3.5d: 0.3 

3.4d: 0.4 

3.3d: 0.3 

3. Id: 0.3 

3.4d= 0.3 

2.8d: 0.3 


6.9dr 0.6 

9.9± 1.1 

7. Id: 0.7 

7. 3d: 0.8 

6.5d: 0.6 

5 . 0 ± 0.6 

2 weeks 

13. Od:' 1.2 

16. 7d: 1.8 

12. 4d: 1.2 

11. Od: 1.1 

12. 3± 1.2 

10. Od: 1.2 

3 weeks 

24. 2d: 2.2 1 
34.3d: 3.1 
49. 4d: 4.5 
63.6d= 5.8 

29.3d: 3.2 

19. 7d: 2.0 

H.Odb 1.8 

22. 2d: 2,1 

18,3d: 2.1 


41. 5d: 4.5 

30. 5d: 3.1 

23. 9d: 2.5 

35. 4d: 3.4 

33. Od: 3.8 


6I.7d: 6.8 
73. 2d: 8.0 

46. Od: 4.7 

33. 7d: 3.5 

48. 6d: 4.6 

49. 4d: 5.7 

6 weeks 

62. 7d: 6.4 

45. 5d:' 4.7 

57.2d: 5.5 i 

71. 4d: 8.3 

8 Wfiftks . ! 

83. Od: 7.6 1 
113.7d=10.4 
138.4d=12.7 1 
156.1d:14.3 
202.6d:18.6 

105.3d:11.5 

142.6d=15.6 

175.9d:19.2 

184.2d:20.2 

215.6d:23.6 

85. 6± 8.7 
118.0d=12.0 
147-6dbl5.0 
165.4ddl6.8 
194.1d:19.7 

61.3d: 5.3 

76.4d:'7.3 

sa.idbio.o 

1A WAAlrs 

87.7d= 9.1 
104. Id: 10. 8 

96. Od: 9.2 i 

119.2d:l3.8 

Wfifilrs i 

n5.9d:U.l 

143.6d:16.6 

16 weeks j 

124.3d:12.9 
155.7d:16.2 I 

151. 9d: 14. 5 

167,3±19.4 

9 .() wpaIts 

I99.2d:19.0 

198.6d:23.0 






Humber of, $s | 

■ 27'' . 

19 

22 

■ 

25 

17 
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TABLE 10 

COEFFICIEiNTS OP VA-RIATION- OP BO>I>Y WEIGHTS AT DIFFERENT AgES, OP THE ChICKS 

That Sitryiveh the Period of 20 Weeks, prom Poisoned 
AND Oper ated Groups 



1 Mercuric 

1 

Sodium 

Arsenic 

Nicotine 

Yolk 

Controls 

1 chloride 

j 

chloride 

trioxide 

sulfate 

removed 


Males 


i 

1 day i 

7.6zh0.6 

7.8±o.8 ; 

7.6±0,8 : 

6.7±0.7 

8.3±0.9 

6.9i:0.7 

1 week 

10.4±0.8 

16,4±1.8 

17. Oil. 9 

14.1d=1.7 

11.0=fcl.2 

12.7=hl.4 

2 weeks i 

15.4±1.2 

19.9±2.2 

22A±2A 

17.9±2.1 

15.8=1:1.7 

14.4=bl.6 

3 weeks 

18.8±1.5 

19.4±2.1 

23.2dr2.5 

22.0±2.7 

17.6=tl.9 

1 16.8=1:1.8 

4 weeks 

21. Oil. 7 

20.1dz2.2 

27.2db3.0 

25.8db3.2 

19.5=1=2.1 

i 17.7=1:1.9 

5 weeks.; ^ 

21.0i:1.7 

21.3±2.3 

25.7±2.8 

26,9±3.3 

21.6=1=2.3 

18.6d=2.0 

tt weeks 

19.6±1.6 

22.8±2,5 

25.3±2.8 

27.4=1=3.4 i 

31.1d=3.5 

19.8d=2.2 

8 weeks 

22.5=bl.9 

24.4dz2.7 

27.0d=3.0 

27.0d=3.3 ' 

22.4=1=2.4 

23.1d=2.6 

10 weeks ’ 

2Q,2=fcl.6 

22.4±2.4 

19.2d=2.0 

27.6=t3.4 ^ 

22.8=1=2.5 

21,0d=2.3 

12 weeks 

17.7±1.4 

19.2db2.0 

17.4=fcl.8 

25.5±3.1 

19.1±2.0 ' 

20.2±2.2 

16 weeks 

I4.3±l.l 

I4.5d=1.5 ' 

13.2drl.4 

20.4d=2.4 

15.6=1:1.7 

16.5=1=1.8 

20 w'eeks 

12,4=h0.9 

15.6±1.7 

12.2=1:1.3 : 

19.4±2,3 

14,2±1.5 

I3.5d=1.5 

Number of efs 

37 

1 

21 

21 

17 

21 

20 


Females 


1 day 

9. 8=1=0. 9 

9.3±1.0 

8.9±0.9 

: 8.7±0.9 

9.2±0.9 

8.0±0.9 

1 week , 

> 12.8=hl.2 

21.0±2.4 

14.0±1.5 

; 15.9±1.7 

12.9±1.3 

11.6±1.4 

2 weeks... 

16.7=1:1.6 

24.0±2,8 

16.8±1.7 

i 16.7±1.8 

16.8±1.7 

16.0±1.9 

3 weeks 

21.7=1=2,1 

; 28.1±3.3 

17.6±1.8 

17.2±1.8 

; 19.8±1.9 ! 

19.2±2.3 

4 weeks 

22.8=b2.2 

29.7±3.5 

19.8±2.1 

18.4±1.9 

1 23.0±2.3 i 

23.9±2.9 

Swwks 

24.3=1=2.3 

31.8±3.8 

22.1±2.3 

18.4±L9 

23.7±2.4 

25.9±3.2 

6 weeks 

23.7=1=2.3 

29.3±3.5 

2S.0±2.6 

18.8±2.0 

1 '2I.6±2.1 1 

27.6±3.4 

' S ' W'eeks 

24.1d^2.3 

32-6±3.9 

24.1±2.6 

16.3±i.8 

22,1±2.2 

25.3±3.1 

10 weeks'.'...' 

21.7=1:2.1 i 

30.5±3.6 

22.1±2.3 1 

I7.6±1.9 

18.1±1,8 

23.0±2.8 

12 wwks... ■ 

19.1 ±1.8 

27.2±3.2 

19.9±2.1 i 

15,i±1.6 

15,7±1.S 1 

20.2±2.4 

16 weeks. 

15.8±i.5 

20.5±2.3 

16.3±1.7 1 

12.9±1.4 

'15.4±1.5, 

17.0±2.0 

20 weeks..., 

16.S±1.6 

19.3±2.2 

15.6±1.6 

13.3±1.4 

16.9±1.7 i 

16.5±2.0 

'Number of 9 a 

27. 

19 

22 

21 

25 ' ' 

17, ^ 
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AGE of CHICKS in WEEKS 

Fig. 8, The average body weights at different ages, of the females that 
survived the period of 20 weeks, from the operated group, and from groups 
poisoned by substances normally or freqxiently administered to chicks. 


EXPERIMENTS ON REMOVAL OP THE ITNABSORBED YOLK 
AT ONE DAY OP AGE 

Procedure —Thm oj>eration was performed on 64 
ehicks. Each ehiek was etherized, an opening about an inch long made 
in the body wall, the yolk stalk ligatured, the yolk sac and contents 
completely removed, and the opening sewed up. The operations vpere 
performed without aseptic precautions. As soon as the ehicks had 
recovered from the obvious effects of the ether, they were put under 
the hovers with the other chicks. The mortality was probably higher 
than would have been the case if more preeaiitions had been taken, 
bnt for the purposes of this experiment the high mortality was not 
disadvantageoiis, since the questions under investigation w the 
permanence and selectivity of severe handicaps. 

The', results,, obtained in, these Iots.,^are included' with dhose;of, the 
poisoned lots, in tables 8 to 10 and figures 7 and 8. 
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Effects 071 Mor'iality . — As noted previously, in all cases where the 
treatment of corresponding: lots in shipments II and III was exactly 
comparable, the mortality was markedly higher in the lots of ship- 
ment III. The difference was significant only in the early mortality, 
before 3 weeks of age. 

Effects on Body Weights of 8ii7^vivors . — The growth records point 
to the same result, several indications of which have already been 
noted ; namely, that the females showed more complete recovery from 
the effect of an early handicap than the males. The difference between 
the operated males and the control males at 20 weeks of age was 
probably significant in each shipment, being respectively 144 ±; 34 
grams and 239 ±82 grams, with a difference for the combined lots of 
137 ±38 grams. The corresponding differences between the females 
were not significant at all. The combined lots gave for the females 
at 20 weeks of age a difference less than the probable error of the 
difference (22±41 grams) ; in shipment II the operated females were 
slightly but not significantly lower than the controls; in shipment 
III the case was reversed, the operated females being slightly heavier 
than the controls. 


EXPBKIMENTS ON EXPOSURE TO EXTREMES OP 
TEMPERATURE 

Although no exact determination of optimum hover temperature 
for baby chicks has been made, large fluctuations of temperature are 
avoided in the belief that if the temperature is held for any consid- 
erable length of time either too much above or too much below the 
optimum, the chicks will be injured. The only experimental work which 
has been encountered (Lewus, 1911) demonstrated an injurious effect 
from extreme hover temperatures when measured by the resulting 
mortality. His period of observation was the first 4 weeks of life. 
The results obtained were as follows: 


Hover temperature (F) 

Number 
of chicks 
at start 

Number 
of chicks 
that died 

no® throughout period 1 

50 

21 ■ 

100® first 2 days, reduced every day thereafter..... 

50 1 

, ' 5 

90® first 2 days, reduced every day thereafter ^ 

50 1 

12 

\ arying, from S6° to 120®, with average of 102°. 

60 , , 

34 

1 


Tlie treatment of the two shipments was not exactly comparable for the 
poisoned lots, becaiise of the differences mentioned above, in the age at which the 
cdiicks received the poisons, and in point of having had previous feed — and, in the 
eases of mercuric chloride and arsenic trioxide, in the exact size of the dose. 
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It tlierefore seemed of interest to determine wlietlier extreme tem- 
peratures maintained for a short time only would produce any effects, 
on yolk absorption, body weight, and mortality. 

Experimental Procedure . — The hover temperature for all the lots 
where temperature wms not the experimental factor was maintained 
during the first 2 weeks at about 95“ F (=35° C) with thermostatic 
control. After the first 2 weeks the hover temperature was gradually 
lowered, in accordance with the general practice. For the overheated 
and chilled lots, continuous temperature records were kept by means 
of thermographs with the sensitive elements under the hover. For the 
overheated lot of shipment I, the temperature was held at 115° F 
(=46.1“ C) for the first 3 nights. Although, as shown in table 12, this 
did not result in a higher mortality as compared with the controls, 
the chicks at the time gave every indication of having been injured, 
remaining at the outermost edge of the hover in an attempt to get 
away from the heat, panting, and appearing drowsy and generally 
distressed. 

The chicks of shipment IV were given much more severe over- 
heating, the temperature being kept at 125° F (=51.7° C) during the 
first night. As this resulted in no deaths, in the morning the tem- 
perature was still further increased, and rose beyond the range of the 
thermograph. A continuous record of the temperature was therefore 
not obtained, but readings of chemical thermometers placed under 
the hover indicated a temperature of about 135° F (=56.7° C). Within 
2 hours 12 of the 40 chicks were dead, and the temperature was 
immediately reduced to 100° F (=37.8° C) . Two more deaths occurred 
during the next 2 hours, and then only 2 more for the rest of the 
experimental period of 9 days, one of these being at 4 days and one 
at 7 days of age. 

Similarly with chilling, w^hile the treatment of shipment I was not 
severe enough to result iu a higher mortality than ocenrred in the 
controls, it did cause an* apparent injury to the chicks at the time. 
The chilled chicks were entirely deprived of artificial heat for 3 
nights, and the windows of the house were left vdde open. The tem- 
perature in the house outside the hover went to a minimum of 43° F 
(=6.1° C), while the temperature in the midst of the chicks varied 
between 60° and 70° F (=15-20° C) . Bach morning the chicks were 
found huddled together in an effort to keep warm, and as a result 
appeared bedraggled and lacking in vitality. 
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The eliicks of shipment IV were given a slightly more severe 
treatment, being put in a chick box on the porch on the north side 
of the laboratory for 2 nights. The temperature reached a minimum 
of 38*^ P (=3.3"' C) the first night, and of 33° P (=0.6° C) the second 
night. The temperature in the midst of the chicks reached 55° P 
(=12.8° C), Six of the 40 chicks died in the chilled group during the 
experimental period of 9 days, as compared with no deaths in the 
controls. 


TABLE 11 

Average Yo-lk; Weights (in Grams) of Samples Killej> at Difpeirent Ages, 
FROM Lots Exposed tO' Extremes op Temperature:, and 
Lots Deprive© of Water 






Water withheld 

Shipment No. ’ 

Controls 

Overheated 

Chilled 

for 5 days 


Chicks killed at 3 days old 


1 

1 1 

2.03=fc0.10 1 

2.01d=0.l8 

2.02d=0.09 

i 

1.84±0.12 i 

1.09±0.13 

2,10=fc0.22 

1.47±0.15 

IV ^ 

2.27=t0.30 

1.76=1=0.22 

Total 

1.62=b0.11 

2.16±0.18 

1.59=h0.12 



Chicks killed at 5 days old 


I 

0.69=1:0.09 

0.82=fc0.16 

0.81=b0.12 
0.71=h0. 17 

0.71=1=0.04 

1.27±0.15 

IV 

0.44=b0.05 

0,83=1:0.13 

Total 

0.74±0.09 

0.79db0.10 

0.61±0.03 

I 

1.09±0.n 

i 



Chicks killed at 7 days old 


I 

0,28±0.06 

0,18=h0.04 

0.36=1=0.08 

0.56±0.14 

IV 

0.09±0.04 

0.27=1=0.10 

0.20=fc0,04 

0,23=h0.03 

Total 

0.20=fc0,04 

0,20=fc0.04 

0.28=h0.05 

0.50d=0.12 


Chicks killed at 9 days old 


I ' ' 

1 

0.06:1=0.03 

0 00db0.02 

0.06=1:0.02 

0.07=1=0.04 

IV., 

0.22=1=0.06 

0.09±0.03 

0.05±0.01 

0,02=1=0,01 

Total 

0.13±0.03 

0.03=1=0.01 

0.05=h0,0l 1 

0.06=1=0,03 


Effects on Yolk Absorption . — Prom the averages given in table 11 
and plotted in figure 9, it appears that overheating caused some accel- 
eration in yolk absorption, and chilling a slight retardation, but only 
during the period of actual exposure to temperatures ahove or below 
the optimum. In all four samples killed at 3 days of age, differences 
were found which, although with one exception not significant in 
themselves, were all consistent as to direction, the overheated chicks 
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iiaviiig smaller yolks, and the chilled chicks larger yolks, than the 
controls. The difference between the average yolk weights of the over- 
heated and control groups of shipment I is not at all significant, 
being very little larger than the probable error of the difference. The 
corresponding difference in shipment IV, however, is more than four 
times the probable error of the difference (0.92 ±0.22 grams). In 
connection with this it is to be remembered that the chicks of ship- 
ment IV were subjected to a more severe overheating than those of 



Fig. 9. The average yolk weights of chicks killed at different ages, from 
groups exposed to extremes of temperature, and from the group deprived of 
water. 

shipment I. In the chilled groups, the differences in both shipments 
were small, and of no significance in comparison with their probable 
errors. 

The averages at later ages showed no evidence of any permanent 
effect upon yolk absorption from early exposure to extreme tem- 
peratures. 

Effects on Mortality . — As previously indicated, the overheating 
and chilling which the lots of shipment I received did not resiiit in a 
higher mortality than occurred in the controls. As with the other 
handicaps disenssed so far there was no uniformity in the eompara- 
of the' two sexes. ■The "rates 'are ."shown in table 12. 


32 


Hilgardia 


[Vol. 4, No. 1 


TABLE 12 

Mortality Rates (per. 100) of Lots Exposed to Extremes op Temperature 
ANO Lot Deprived op Water. 


Designation 

Controls 

Overheated 

Chilled 

Water withheld 
for 5 day.s 

Total mortality (through 20 weeks) 

12.9db2.7 

j 9.1±2.3 

12.3±2.6 

1L4±2,5 

Early mortality (for first 3 weeks) 

4.3±1.6 

1 3.5±1.5 

2.4±1.2 

8.5±2.2 

Later mortality (3 wks. through 20 wks.) 

8.6d=2.2 

5.6±1.9 

9.9i:2.4 

2.9±1.4 

Total mortality (through 20 weeks) cfs.... 

17.3=b4.0 

14.2±4.0 

7.9±2.9 

13.1±4.1 

Total mortalit.v (through 20 weeks) 9 s.... 

7.0d=3.1 

4.5±2.1 

17.3±4.3 

10.1±3.2 


TABLE 13 

Average Body Weight at Bipperent Ages., of T'He Chicks. That Survived trie 
PeriO'D of 20 Weeks, prom Lots Exposed to Extremes 
OP Temperature and Lot Bfjprived 
op Water 


i 




Water withheld 

Age of chicks | 

j Controls 

Overheated 

Chilled 

for 5 days 


Male.s 


1 day 

37.3db 0 3 

38.2d= 0.4 

37.4d= 0.3 

37. 5d 0.4 

1 week 

56.3± 0.8 

58. 0± 0.9 

54. Id: 0.7 

48, 5d 0.8 

2 weeks 

82.6zfc 1.7 

87.0d= 2.0 

80. Id: 1.3 

76.3d 1.7 

3 weeks 

120. 2dr 2.7 

123. 2=b 3.4 

117. 4d: 2.1 

114. 6d 3.0 


168. Od: 4.0 
225. 7=t: 5.2 

174. 5d: 5,3 
238. 2d: 7.0 

167. Od: 3.3 

165. 8d 4.6 

5 weeks 

229. 8d: 4.7 

227. Od 6.4 

6 weeks 

286. Id: 6.8 

295. 2d: 8.5 

288. 5± 5.6 

285. 5d 8.6 

8 weelcs 

393. 9d: 10, 3 

412.5±10 1 

406. 2d 7.6 

392.1dl2.1 

10 weeks 

609. 2d: 12 2 

1 643.8drl4.9 

640 . Od 9 7 

615.8dl6.9 

12 weeks 

803.8d:14.0 

: 847. Qd: 15. 7 

846.3dll.l 

806.9dl7.9 

16 weeks ' 

l,220,3drl9.0 

l,510.3d:26.3 

l,289.3d:20.5 

l,601.0d:23.5 

l,296.3dl6.6 ' 
1,609. 4dl9. 2 

l,209.2d25.3 

20 weeks 

l,514.6d26.6 


Number of cfs 

32 

29 

35 

26 




Females 


1 day 

37.3d 0.3 

37.,2d 0.3 

37,3d 0.4 

37.6d0.4 

1 week 

56. Od i:o 

56. 2d 0.7 

54. 6d 0.7 

; 48. 6d 0.7 

2 weeks 

81. Od 1.8 

82'. 4d 1.6'' 

77. 9d 1.6 

73.3d 1.3 

3 w'eeks : 

1 112. 9d: 2.7 

n4,2d2.8 ^ 

113. 6d 2.5 

104. 5d 2.5 

4 weeks 

154.7± 4.3 

160. 4d 4.4 

159. 8d 3.7 ! 

151. 2d 3.9 

5 weeks 

204.4d 6.6 

219.3d 6.3 

219. 6d 5.2 

201. 7d 5.9 

6 weeks 

257. 9d: 7.1 : 

272. 9d 8.2 

277. 9d: 7.3 

268. 5d 7.8 

8 weeks 

361, 6d 9,3 

374.6dH.l 

380.0dl0.4 

352.1dll.2 

10 w'eeks 

545,7dl0.8 

568.3dl4.1 

588.9dU.5 

545.9dl3.4 

12 weeks 

736.1dl3.6 

762.2dl6.7 

771.9dl4.9 

734.7dl5.7 

16 'weeks 

1,016. 4dl6. 8 

1,048. Idl7. 9 

l,050.4dl8.3 

l,030.3dl6.9 

20 w'eeks 

l,225.4dl8.9 

1,276. Id21.2 

l,240.4d23.7 

1,252. Id20. 7 

Number of 9 s 

28 , ■ 

36 

■ 27 .. 

■■ 34 ’ 
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Effects on Body Weights ^of Survivors . — It is apparent from tlie 
averages presented in table 13 and plotted in figures 10 and 11 that 
neither the overheating nor the chilling effected any significant differ- 
ences in body weights for either sex or at any age. Among the males, 
the overheated lots at all ages, and the chilled lots at all ages after 
5 weeks were heavier, but not significantly heamer, than the controls. 
Similarly the females in the overheated lot were slightly heavier at all 
ages, and in the chilled lots at all ages after 3 weeks. 



O 2 4 6 ^ lO iS 14 f6 IS 20 


AGE of CHICKS in WEEKS 

Pig, 10'. Tlie average body weights at different ages, of the males that 
survived the period of 20 weeks, from groups exposed to extremes of tempera- 
ture, and from the group deprived of water. 

In the light of these results it is perhaps unfortunate that the 
early injury was not made more severe, but at the time it seemed more 
valuable to determine whether individuals which appeared injured 
would completely recover, than to show that they could be so severely 
injured that they would not recover. Showing this in groups where 
the mortality was not higher than in the controls has the added advan- 
tage of showing that later recovery does not necessarily depend upon 
a selective effect of the mortality, by an elimmation of the poorer 
individuals. ' 
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Tliere is only one point worthy of especial mention in connection 
with the standard deviations and coefficientvS of variation presented 
in tables 14 and 15. The control females of this shipment showed a 
relative variability slightly less than that of the corresponding group 
of males, whereas, in all other data analyzed so far, the sex difference 
ill relative variability has been the reverse. The difference in this 
case is, however, absolutely insignificant. 


TABLE 14 

StAXDAEI) BeVIATIO'NS op BO'DV WiPlGHTS. AT DlFPEKEiNT AgES, OP THE OhICKS 
That SuR.viVEa> the Period op 20 Weeks prom Lots Exposed 
TO Extremes op Temperatxjr.e and Lot 
Deprived op Water 





1 

Water withheld 

Age of chicks 

Controls 

Overheated 

Chilled 

for 5 days 


Males 


1 day 

2.4± 0.2 

3.1± 0.3 

2.9± 0.2 

2.8± 0.3 

1 week 

6.8d= 0.6 

7.2d= 0.6 

6,1± 0.5 

5.8=t 0.6 

2 weeks... 

14. 1± 1.2 

15.9=b 1.4 

ll.lrt 0.9 

I3.2=h 1,2 

3 weeks 

22.8=b 1.9 

27. 2± 2.4 

18. 2± 1.5 

22.4db 2.1 

4 weeks ; 

33.5=h 2.8 

42.1d= 3.7 

29. 3± 2.4 

34.8dh 3.3 

5 weeks 

44. 0± 3.7 

56.1d= 5.0 

41.6=fc: 3.4 

48.8=fc 4.6 

6 weeks . 

57. 3± 4.8 

67. 7± 6.0 

48.8± 3,9 

64,7d= 6.0 

8 weeks 

86. 7± 7.3 

S0.4± 7.1 

66, 6± 5.4 

91.3db 8.5 

10 weeks : 

102. 4± 8.6 

118 . 7 ± 10.5 

85 . 1 ± 6.9 

127.5^:11.9 

12' weeks ■ ' 

n7.7± 9.9 

125.4d=n.l 

97. 2± 7.8 

135.4±12.7 

16 weeks.' 

16I.1±13,6 

163. 9± 14 5 

145.2±n,7 

191.5dbl7.9 

20 weeks.,... : 

' * ! 

i 220.4±18.6 

187.6i:t6.6 

168.4±13.6 

20I.0±18.8 

Number of CP’s ' 

' .32 

29 

35 

26 


Females 


1 day.......; 

2.6± 0.2 

2.7=b 0.2 

3.1=1= 0.3 

3.1± 0 3 

I'Week ' -■ 

8.0± 0.7 

6.7± 0.5 

5.0d: 0.5 

6.0=1= 0.5 

2 weeks ' ' 

: 13. 8± 1.2 

14. 6± 1,2 

12,1=1: 1.1 

11.4=1= 0.9 

3 weeks'...' 

21. 4± 1.9 

26.0=1: 2.0 

19.5d= 1.8 

21.7=1: 1.8 

'4 weeks 

34 1± 3.1 

38.7=b 3.1 

28.7=1=2.6 

33,9d=2.8 

5 'weeks.... j 

44. 3± 4.0 

55.8=fc 4.4 

40.4d: 3.7 

50.6=t 4.,l 

6 'Weeks... ■ 

55. 4± 5.0 

72.8=1= 6,8 

56. Od: 5,1 

67.2=1=' 5.5 

8 weeks..',, ' ' 

72.7=1= 6.6 

99.1=h 7.9 

79. 9± 7.3 

96.6=1= 7.3 

lO'weeks... ,' 

85.0d= 7.7 

125.1=1= 9.9 

88.4=1=8.1 

116.2=b 9.6 

12 weeks i...: 

105.6d= 9.5 

148.5=tI1.8 

115.0d=10.6 i 

135.7dhll.l 

16 weeks.... ' 

132.0d=11.9 

159.6=1:12.7 

140.8±12.9 

146.3±12.0 

20 weeks.. 

148.1=1=13.3 

188.3=1=15.0 

182.5=bl6.8 

178.9=bl4,d 

: Number of 9 s 

28 

36 

, , 27'. 

''34',' ■' 
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TABLE 15 

Coefficients of Variation op Body Weights at Different Ages, of teie; Chicks 
That Survived the, Period of 20 Weeks, proai Lots Expospid 
TO Extremes op Temperature and Lot 
Deprived op Water 



! 

1 


Water withheld 

A 2 :e of chicks 

1 Controls 

j Overheated i 

i i 

Chilled 

1 for 5 days 


Males 


1 day 

6.4±0.5 

8.1i0.7 

7 . 8i0. 6 

7.5i0.7 

1 week 

12.1d=1.0 

12.4il.l 

1 1 . 3i0. 9 

12. Oil. 1 

2 weeks : 

17.1±1.5 

18.3il.6 

13.9il.2 

ir.3ii.7 

3 weeks 

19. Oil. 7 

22 li2.0 

15.5il.3 

19.5il.9 

4 weeks 

19.9±1.8 

24.2i2.2 

17.5il.5 

21 . 0 ± 2.0 

5 weeks 

19.5±1.7 

23.6i2.2 

18.1il.5 

21 . 5 ± 2.1 

6 weeks 

20 Oil. 8 

22.9i2.1 

16.9il,4 

22 . 7 ± 2.2 

8 W’eeks 

22. Oil. 9 

19.5il 8 

16.4il.4 i 

23.3i2.3 

10 weeks 

1 16.8il.4 

18.4il,6 

i3.3il.l 

20.7i2.0 

12 weeks j 

14.6il.2 

14.8il.3 

11.5i0,9 

16.8il.6 

16 w'eeks 

13.2il.l 

12.7il.l 

11.2i0.9 

1 15.8il.5 

20 weeks ■ | 

14,6il.2 

U.7il.O 

iO.SiOS 

13.3il.2 

Number of c?s 1 

■32 ! 

29 i 

35 

26 


Females 


1 day 

7.0i0.6 

7.3i0.6 

8.3i0.7 

8.2i0.7 

1 week 

14.3il.3 

11. Oil. 0 

9.2i0.8 

12.3il.O 

2 weeks... 

17.0ii.6 

i7.7il.4 

15.5il.5 

15.6il.3 

3 weeks 

19. Oil. 8 

2i.9iL8 

17.2il.6 

20.8il.8 

4 weeks. 

22.0i2.1 

22.2il.9 

18. Oil. 7 

22.4il.9 

5 weeks.. 

21.7i2.1 

25.4i2.1 

18.4il,7 

25.1i2,2 

6 weeks 

21.5i2.0 

26.7i2.3 

20.2il.9 

26,0i2.3 

8 weeks ' 

20.1il.g 

26.5i2 3 

21,0i2.0 

,27.4i2.4 

10 weeks ; ! 

15.6il.4 

22. Oil. 8 ‘ 

15.0il.4 ! 

21.3il.8 

12 weeks : 

14.3il,3 

19.5il.6 

14.9il.4 ' 

18.5il.6 

16 weeks ' i 

1 13. Oil. 2 

lo.2il.2 

13.4il.2 

14.2il.2 

20 weeks ■ ...' 

12.1il.l 

14.8il-2 

14. Til. 4' 

14.3i,1.2 

Number of 9 s ' ■ 

28 ■ 1 

36 ' 

27 

34 

' ■ " 
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Fig. 11. The average body weights at different ages, of the females that 
survived the period of 20 weeks, from groups exposed to extremes of tempera- 
ture, and from the group deprived of water. 


experimenTkS on deprivation op water 

Experimental Procedure. — Preliminary trials had indicated that 
chicks eonld be deprived o£ water for about 5 days. Autopsies showed 
shriveled intestines, which were not, however, black as in the causes of 
completely starved chicks.’ Moreover the skin and mesenteries appeared 
extremely dry. This period of 5 days was used therefore for one lot 
of shipment I. Recovery was so immediate and complete, after water 
was given to the surviving chicks on the fifth day, that the total mor- 
tality for the lot was no greater than that of the controls. Therefore 
in the corresponding lot of shipment IV water was withheld one 
additional day. Fourteen of the 40 chicks of this lot died, 1 at 5, 9 
at 6, 3 at 7, and 1 at 8 days of age, as compared with no deaths among 
the controls. 

The results are included with those of the overheated and chilled 
groups, ill tables 11 to 15 and figures 9 to 11. 
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Effects on Yolh Absorption. — The chicks deprived of water had, 
on the average, smaller yolks at 3 days of age than the corresponding 
control lots. While the difference between the handicapped and con- 
trol lots of shipment I appears to be significant (O.oGzfcO.lB grams), 
between the corresponding lots of shipment IV the difference is less 
than the probable error of the difference (0.25 ±0.29 grams). When 
the data from the two shipments are combined, the difference is 
therefore not significant (0.43±0.18 grams). 

In the samples of chicks killed at later ages there were no eoii'- 
sistent differences, in spite of the fact that in both shipments the 
handicap was still being applied up to 5 days of age. The chicks of 
shipment I which had no water averaged markedly larger yolks than 
the controls (difference = 0.58±0.18 grams), but those of shipment 
IV averaged the same as the controls. The evidence, therefore, was 
not very convincing even as to the immediate effect of deprivation of 
water upon yolk absorption, and the results show clearly that there 
wms no permanent effect, the samples at 7 and 9 days of age showing 
no consistent differences as compared wdth the controls. 

Effects on Mortality. — These data have already been discussed in 
connection wdth the experimental procedure. 

Effects on Body Weights of Survivors. — Both males and females 
of the lot deprived of wmter were, at 1 week of age, significantly 
below the control lot in body weight. This difference was effaced 
gradually. In both sexes, at about 4 weeks of age the handicapped 
and control chicks became practically identical in average weights, 
and remained so for the duration of the experiment. 


SUMMARY OF EFFECTS OF EARLY HANDICAPS 

Prom the foregoing detailed examination of the results of the 
various handicaps the followdng facts seem to emerge. Yolk absorp- 
tion, although highly variable within any group of chicks, is after all 
a relatively stable process, not easily affected by such experimental 
treatment as were employed. In some cases the latter w^ere so drastic 
as to result in mortality rates as high as 70 per cent. Even in these 
cases, however, no large differences in the course of yolk absorption 
were evident 

Similarly with the effects on body weights, with the varied and 
severe experimental handicaps, there were few groups in which the 
average weight of the experimental groups did not equal that of the 
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controls by the age of 20' weeks. In most of the groups complete 
recovery was shown at 6 weeks of age. In the females the only group 
which did not show complete recovery was that given mercuric 
chloride. In the males, there were indications of more permanent 
effects from several of the handicaps, not significant in the starved 
groups, but prOibably significant in the eases of mercuric chloride, 
nicotine sulfate, yolk removal, and the larger dose of arsenic trioxide. 


ANALYSIS OF COMBINED DATA PROM ALL EXPERIMENTS 

Certain interesting relationships are brought out by consideration 
of the combined data of all the experiments. These include the com- 
parisions of mortality rates by sex, comparisons of chicks which died 
with those which survived, and correlations of day-old body weights 
wuth yolk w^eights, and with later body weights. 

Mortality Bates by Sex . — It has been noted already, in connection 
with the discussion of the various handicaps separately, that there 
was no apparent ditlerential sex effect in mortality, although several 
indications were found of a differential effect in body weight (more 
permanent effect in males) . It was thought that by combining the data 
of the several experiments such a differential effect in mortality might 
appear. Therefore the sex mortality rates for all the chicks, and for 
several major groupings, were calculated, with the results shown in 
table 16, 

No difference was found between the male and female inoiffality 
for the total group of chicks, the respective rates being 21.8 and 21.0. 
Dividing the data into three groups corresponding roughly to the 
severity of the treatment, as severely handicapped, moderately hand- 
icapped, and eontrols, the male and female rates were still practically 
identical This was true both when the total mortality to 20 weeks 
was considered, and when early and later inortality were treated 
separately.' ' ' . ' ' 

'Early and Lade Mortality —The diriBion into early and late mor- 
tality demonstrated further that all the increase in inortality in the 
severely handicapped groups was evidenced early. There was no 
evidence that the later mortality of the experimentally injured groups 
was either higher than the eontrols, as would result from a permanent 
injury and increased susceptibility to later chance hazards, or that 
it was lower than the controls, as might be expected if the early 
elimination had acted selectively. 
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TABLE 16 

Mortality Bates (per 100) b.y Ses, por the Entike Aggregate op Chicks, and 
FOR Certaik Major Groupings 


DesigniVion 

Total mortality (through 20 weeks) 

Males 

Females 

Total 

Controls 

13.3±2.5 

il.2=h2.7 

I2.4=fcL8 

Moderately handicapped 

' 11.7drl.5 

12.7=1:1.6 

12,2=fcl.l 

Severely handicapped 

38.9±2.5 

37.1=t2.3 

37 . 9=1=1 . 7 

Total 

21.8±1.3 

21.0=fcl.2 

2I.4=fc0.9 


Mortality rates (for first 9 days) 

Controls 

4.r±i.5 

3.2=fcl.2 i 

! 4.1±I.l 

Moderately handicapped 

4,5±0.9 

6.5±M j 

1 5.6d=0.8, 

Severely handicapped ! 

29.6±2,2 1 

i 30.5±2,2 1 

80 Oil. 6 

Total j 

13.5il 1 

i 14.4=bl.l 1 

; ! 

1 14„0±0.8 


Mortality rates (10 days through 20 weeks) 

Controls 

8.t)±2.1 

1 , 

1 8.0=fc2.4 ' 

8.3±1.5 

M oderately ha ndicapped 

7.2±1.2 

I t5,2=fcl,l 

6.6±:0.9 

Severely haiidi ea p pod 

9.3±1.4 

1 6.6=fcM 

7 9i0.9 

Total ' 

8.3±0.9 

j 6.6=fc0.8 

7.4±0.6 


Comparison of Bay-Old Body Weiglits of Chicks That Died With 
Those of Chicks That Survived, — Evidence that the early mortality 
was to a certain extent selective was however obtained from a com- 
parison of the day-old body weights of the chicks which siiccninbed 
with the day old body weights of those which survived. The average 
weights and frequency di>stributions are presented in table 17. 

The data show that^ among the males and females alike, the chicks 
that subsequently died were, at 1 day of age, on the average signifi- 
cantly sinaller than the chicks that survived. Purther, the chicks 
that died at ages of 10 days or older were intermediate in day-old 
weights, between those that died before 10 days of age and those that 
survived the entire period of 20 weeks. 

Finally, the results show that the selective effect was slightly 
greater among the males than among the females, the difference 
between the average weights of the cockerels that survived and those 
that 'died before 10 days being 1.88d::0.20 grams, while the corre-" 
sponding difference, for the pullets was 1.22±0.21 grams. For 'the 
coekerels that died before 10 days of age, the average weight was 
actually slightly less than, that of the pullets, so that the 'sex, difference 
ivas the reverse, of ' that; ord.marily ' found.- 
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TABLE 17 

Frequency Bistributions of Bay-Old Body Weiohes- of Chick, s. That Bied, 
Compared With Those of Chicks. That Survived. 

(Shipments I-III) 


Day-old 
body weight 
(grams) 

Males 

Females 

Died before 
10 days 

Died, 10 days 
—20 weeks 

Survived 

Died before 
10 days 

Died, 10 days 
—20 weeks 

Survived 

30 

2 


2 

4 

2 

3 

31 

1 

1 

4 

2 


9 

32 

7 

5 

15 

10 

3 

34 

33 

13 

1 

7 

6 


20 

34 

15 

4 

37 

17 

5 

37 

35 

15 

3 

50 

19 

5 

41 

36 

12 

7 

37 

16 

2 

42 

37 

8 

4 

37 

8 

4 

33 

38 

6 

6 

49 

6 

4 

40 

39 

6 

4 

31 

5 

2 

31 

40 

3 

1 

31 

4 

4 

34 

41 



9 

1 


7 

42 


1 

17 



13 

43 



'2 

1 


2 

44 


1 

1 


1 

4 

45 



2 

1 


4 

46 



1 



1 

47 







48 







49 



1 











Total number 







of chicks 

88 

38 

333 

100 

32 

355 

Average body 







weight 

35.10±0.17 

36.18=b0.31 

36.98±0.n 

36.27±0.18 

36.09±0.37 

36.49±0,ll 


TABLE 18 

Avbraoe Yolk Weights op Chicks That Bied, Irrespective' of Cause op BeatHj 
Compared With Yolk Weights of Chicks Killed 
AT CORRESPO-NDING AgES 


' Age ' 
of chicks 

Yolk weights of 
chicks that died 

Yolk weights of chicks killed 

I ' . , ■ 

(in days) 

Males and females 

Total 

Males 

Females 

' 1 . 

4.68±0.29 

4.54=1=0.06 

4.42±0.08 

4.68±0.08 

2 ■ : 

3.50±0.14 




3 

2,50±0.08 

2.00±0.06 

1.98=h0.08 

2.02=1=0.08 

4 

2.51=fc:0H6 




6 

1.93=1:0.24 ; 

0.82=t0,03 

0.69=t0.04 

0.94=1=0.05 

0 

0.93d=0.12 




■ 7 '' 

l,06=fc0.14 

0.31±0.02 

0.27db0.03 

0.36±0.04 

' s 

0.97db0.21 



" ' " ■ \ "" '■ , „ '' 

9 

I.68±0.39 

0.21=fc0.03 

0.20d=0.05 

0.21=1:0.04 
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ComiMrison of Yolk Weights of Chicks Thai Died ioith Those of 
Samf)les Killed at Corresponding Ages . — Chicks that died, irrespec- 
tive of the cause of death, showed significant differences in yolk weights 
from the chicks that were killed at corresponding ages. The averages 
are presented in table 18 and the frequency distributions in table 19. 
The averages are plotted in figure 12. 



age: of CHICKS inDAYS 

Pig. 12. The average yolk weiglits of chicks that died, compared witli those 
of chicks killed at corresponding ages. 


It is apparent that the chicks that died had on the average larger 
yolks than those killed at corresponding ages, and that the differences 
increased with age* These results are quite in accordance with what 
would be expected, namely, that any distnrbanee of normal function- 
ing severe enough to cause death would be likely to interfere with the 
normal metabolism of the jolk. 

That it does not always do so, however, is evident from an exami- 
nation of the frequency distributions in table 20. These tabulations 
show that many of the chicks that died had yolks of normal size for 
their age, as compared with samples killed. Conversely, a few of the 
chicks that were killed, and apparently perfectly normal, had yolks 
as large as, or larger than, any found in the chicks dying at corre- 
sponding ages. ■' ; ' ■ , , 
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TABLE 19 

Frequency Distributions of York Weiohts of Chicks. That Dieo, Compare-d 
With Those op Chicks Kilreib at CorrespO'ND'INO Ages 


Age of chicks (in days) 


Yolk weight 
(grams) 

1 

2 

3 

4 

5 

6 

7 

8 

9 






■^3 



Tj 



'b 



T! 







a; 

CJ 









Q 

W 

Q 

P 


P 

P 


P 

P 


P 

Q 

W 

0.00-0.009 




1 




4 


3 

61 

4 

1 

149 

0.01-0.09 








17 

5 

5 

83 

2 


31 

0 10-0.19 








20 

2 

1 

11 

2 


9 

0 20-0.29 







1 

27 

2 

1 

14 



4 

0.30-0.39 





2 


3 

30 

3 


13 


1 

6 

0,40-0,49 




1 

4 


6 

44 

4 

1 

6 


2 

3 
















0.00-0.49 




2 

6 


10 

142 

16 

11 

188 

8 

4 

202 ' 

0.50-0.99 



1 

2 

37 

4 

3 

72 

8 

6 

33 

2 

2 

16 

1.00.. 




4 

51 

8 

2 

23 

4 

7 

16 

2 

1 

2 

1.50 


4 

6 

7 

44 

9 

4 

14 

5 

4 

2 



1 

2,00 


11 

11 

11 

35 

2 

2 

17 


1 

1 

1 


1 

2.50 

1 

7 

11 

15 

24 

5 

1 

3 


1 

2 

2 


3 

3 00. ... 


28 

7 

7 

16 

5 


3 

1 

1 



1 

2 

3 50 


44 

7 

5 

7 

3 

4 

3 







4 00 

2 

41 

5 ' 

2 

3 

1 




1 

1 

1 

1 


4 50 

2 

39 

5 

1 

4 


1 

2 


1 





5 00 

1 

19 

1 



3 

1 

1 





1 


5 50 


25 

2 


1 




1 






ti 00 : 


10 

2 


1 









1 

5.50' 

1 

12 

2 


1 










7.00' ' 


3 













7 .60 


3 



1 

1 









8.00 ' ■ 


2 





1 








8,50 















g-OO.......,'....... ' 















9, '50.: ■ 


1 













10.00 



1 












10,50.... 















11.00 


1 













U,50-"li.99.......... 





1 

























Total number of chicks.. 

7 

, 250 

61 

56 

232 

41 

29 

280 

35 

33 

243 

16 

10 

237 
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The correlation between general vigor and yolk absorption indi- 
cated by the higher average yoUv weights of the chicks that died in 
comparison with the killed chicks was evidenced also within the sam- 
ples killed, on correlating the percentage gain in body weight with 
the weight of the nnabsorbed yolk. Among the 38 control chicks 
killed at 5 days old this correlation amoimted to -.31 ±.10, and 
among the 36 control chicks killed at 7 days old, to -38±.10. Stating 
it in another wmy : of the chicks killed at 5 days old, those W'ith yolks 
weighing less than 0.50 grams had gained 20 per cent of their body 
weight ; those with yolks weighing more than 0.50 grams had gained 
11 per cent of their body weight. In the chicks killed at 7 days old, 
those with yolks weighing less than 0.10 grams had gained 31 per cent 
of their body w^eight, while chicks wdth yolks w^eighing more than 0.10 
grams had gained only 16 per cent of their body weight. 

These results are contrary to the conclusion reached by Schilling 
and Bleecker (1928), who state that ‘‘there is no indication in this 
group of chicks that chicks making more rapid gains used up their 
yolk more rapidly or that slow absorption was accompanied by 
retarded gains.” Their conclusion was reached, how^ever, by a com- 
parison of the body w^eights of particular individuals at the time they 
were killed, and without reference to the hatching weights of the 
same birds. Our experience agrees with theirs in finding individuals 
furnishing marked exceptions to a direct relationship between rapid 
gains and rapid yolk absorption; in fact, the low values of the cor- 
relation coefficients indicate in themselves that such would he the 
case. The fact seems worthy of note, however, and of further con- 
firmation, that a significant correlation can be demonstrated. It 
should be emphasized that this correlation furnishes no evidence for 
the eauml relation between yolk absorption and general vigor so 
commonly assumed. It indicates only that both processes are subject 
to some common influences, or as stated above, any disturbance of 
normal fimctioning is likely to affect both yolk metabolism and general 
metabolism. Experiments designed to serve as more crucial tests of 
these particular points are contemplated. 

Occasional chicks w^'ere found with yolks abnormal in other respects 
than that of size.' Some , were . putrified, some hardened," and, a' few' 
bloody. None of these abnormal appearances could be shown to have 
any relationship to the treatment which the chicks had received. They 
were found' occasionally in alT lots,. and not only in ehicks, that died, 
but also Jn,' ''Some' which'', had , been '.killed and' 'were apparently;' n'orinah 
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Whether the killed chicks which showed these abnormalities would 
lia.ve died subsequently it is of course impossible to state. 

Some related observations from preliminai'y experiments are of 
interest in this connection. While considering* the possibility of mak- 
ing' repeated observations on the course of yolk absorption in the 
same chicks, by successive operations and estimation of the amount 
of yolk present, a few abnormally large, and a few hardened yolks 
were found. These chicks were able to survive both the effects of the 
^sllceessive operations and the presence of the unabsorbed yolks 
throughout the period of the preliminary experiments. It is hoped 
that these experiments can be rej^eated on a more extensive scale. 



AGE of CHICKS in DAYS 

Fig. 13. The average yolk weights at different agCvS, of males and females 
separately. 


In table 18 are included also the yolk weights for the two sexes 
separately, for the samples killed at different ages. These averages 
are plotted in figure 13. The fact that the females averaged slightly 
heavier yolk weights at every age is interesting, particularly in con- 
nection with the smaller average body weight of the females, and the 
positive correlation between day-old body weights and yolk weights 
at different ages, discussed below. 

Correlation Between Day-Old Body Weights and TolJc, Weights at 
Different Mention was made above of the fact that an essen- 

tial precaution in selecting samples of chicks to kill for yolk weights 
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at different ages was to make, not only the average day-old body 
weight, but also the frequency distribution of day-old body weights, 
of the different samples the same. Without this precaution, compari- 
sons could not justifiably be made between the different lots at a given 
age, or between the samples at different ages wdtliin a given experi- 
mental lot, as is evidenced by the correlation between day-old body 
weights and the yolk weights of the chicks killed at various ages. 

The correlation coefficients between day-old body %veight and 
weight of unabsorbed yolk, in chicks killed at various ages, w^ere as 
follows : 


Age of 
chicks 

Correlatioii 

coefficient 

1 day 

4-0.48±0.03 

3 days 

+0.34d=0,04 

S days 

-e0.13d:0.04 

7 days 

4-0.02±0.04 

9 days 

-f0.08±0.04 


While perhaps it is not surprising that there was a significant 
positive correlation between the body weight of the chick and the 
weight of the yolk at 1 day old, it was surprising to find how long the 
correlation persisted. It was still significant in the chicks killed at 
5 days of age. 

These eorrelations have been worked out also for the two sexes 
separately and for certain of the shipments separately. The results 
were in all eases substantially the same. 

It was also interesting to note the steepness of the slopes of the 
regression lines, when average yolk weight was plotted against the 
day-old body weight. These lines are shown in figure 14. For the 
chicks killed at 1 day old and at 3 days old, not only were the ahsolute 
yolk weights on the average larger in the larger chicks, but also the 
percentage yolk weights were considerably higher in the larger chicks. 
The dotted lines indicate the relation which wuuld exist if the per- 
centage yolk w^eight wTre constant for chicks of different body weights, 
and equal to the average for the entire group, (The average yolk 
weight for chicks killed at 1 day of age was 12.5 per cent of the day- 
old body weight, and for chicks killed at 3 days of age, 5.3 per cent 
of the day-old body weight.) 

Since, as a number of investigators have found (see Curtis, 1914, 
and Atwood and Weakley, 1917), the percentage of yolk in unincii- 
bated eggs is slightly lower in the heavier eggs, these results would 
appear to indicate that of the total yolk present at the beginning of 
development, relatively less of it is utilmd in the course of develop- 
ment of the smaller chicks than in the ease of the larger, ' 
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Mg, 14, The regression of yolk weight on diiy-o)d body weight, for ehieks 
killed at 1, and at 3 days of age* 
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Correlation Between Bay-Old Body Weights and Later Weights . — 
While day-old body weight of the chicks proved to be an important 
factor in equalizing the different experimental groups at the start j 
because of its correlation with yoUv weights and its connection with 
survival value, it did not appear to be of importance in relation to 
the later body weights of the chicks. For the controls, the correla- 
tions of day-old weights with final weights at 20 weeks were practically 
zero for both males (+.04 ±.08) and females (+.08 ±.09). For the 
entire aggregate of . chicks, the correlations were on the border line 
of significance (+,12±.04 and +.11±.04). 

The correlations were worked out separately for the different 
shipments, with the following results : 


Shipment 

Correlation coefficient 

Males 

Females 

r 

-{-0.24±0.06 i 

4-0.06=1:0-06 

ir 

4-0.004d=0.061 I 

4-0.19d:0.06 

Ill ^ 

•fO.lSdrO.O? 

i 

4-0.11±0.06 


There was thus indication of a significant correlation between day- 
old weights and later w^eights only in shipment I in the case of the 
males, and in shipment II in the case of the females. 

Correlations for still other groupings, and for other ages, have 
been worked out, but those presented are sufficient to demonstrate 
the almost complete lack of correlation between the day-old weights 
and later weights. This was apparent in all series, and seems to indi- 
cate that early inequalities producing variations in size of day-old 
chicks (such as size of egg, etc.) were in general without permanent 
effect on body weight. This result is consistent with the conclusion 
reached from the analysis of the results of subjection of chicks to 
experimental handicaps, that such chicks in most cases showed com- 
plete recovery by 20 wrecks of age, when judged by average body 
weight in comparison with controls. 
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CONCLUSIONS 

1 . A variety of early handicaps including poisons, starvation, and 
high and low temperatures, failed to alter markedly the course of yolk 
absorption in baby chicks. 

2. The same series of early handicaps, and the removal of the iinab- 
sorbed yolk when chicks were 1 day of age, failed in general to produce 
permanent eifects in body \veights. 

3. The doses of mercuric chloride seemed to show a more per- 
manent effect on body W’^eight than the other handicaps, both males 
and females so treated weighing less at 20 weeks of age than the 
controls. 

4. Nicotine sulfate, the larger dose of arsenic trioxide, and the 
removal of unabsorbed yolk when chicks were 1 day old, all tended to 
show permanent effects in males, but not in females. Starvation also 
gave indications of a more lasting effect in the males, but the effect 
was not found in all shipments. 

5. No consistent correlations appeared between day-old body 
weights and body weights at 20 weeks of age. 

6. There was a significant positive correlation between day-old 
body weight and the weight of unabsorbed yolk, up to and including 
the age of 5 days. 

7. The mortality of chicks up to the age of 20 weeks was selective 
in respect to day-old body weights, tending to eliminate the smaller 
chicks. The early mortality was more stringently selective than the 
later, ' . 

8. Chicks that died, irrespective of cause, had on the average 
larger unabsorbed yolks than survivors killed at corresponding ages. 
This difference increased with age during the 9-day period of 
observation. 

9. Among the chicks killed at a particular age, there was found 
to be a low but significant correlation between yolk absorption and the 
percentage gain in body weight. 

10. The occasional abnormal yolks found, including putrified, hard- 
ened, and bloody yolks, could not be shown to have any relationship 
to the treatment which the chicks had received. 
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CHANGES, IN THE NITRATE AND SHLEATE 
CONTENT OF THE SOIL SOLHTION 
UNDER ORCHARD CONDITIONS 

E. L. PFtOEBSTING* 


In 1922, tLe Dmsion of Poinologi^ of the California Agricultural 
Experiment Station began an investigation on the maintenance of soil 
fertility in deciduous orchards. For this purpose a field of approxi- 
mately twelve acres was selected and half of it planted to deciduous 
fruit trees. This will hereafter be referred to as block A. The fol- 
lowing year, 1923, the other half was set out. It will be designated 
block B, The soil in the field selected varied from a fine sandy loam 
to a loam of the Yolo series. The water table stood at approximately 
sixteen feet. The entire volume of soil above the water table was in 
horizon A. There were some slight modifications in texture before 
that depth was reached, hut neither gravel nor clay ivas found. 

CHOP HISTORY OF THE FIELD USED 

The crop history of this field before the planting of the orchard 
is of interest.! In the summer of 1908, this area was levelled for 
alfalfa irrigation. Previous to this time it had been in grain for an 
indefinite period, probably about fifty years. In the spring of 1909, 
it was planted to alfalfa. Prom 1909 to 1913, there is no available 
record as to yields or irrigation frequency, but it is supposed that the 
entire area had essentially the same treatment. 

'* ' Assistant Prof es,sor of Pomology and Assistant; Pomnlogist in, the Experi- 

'',inent. Station. ' , , 

' ' t Professor ,S., H., Beckett, of, the ,’I)i¥ision, of Irrigation Investigations and 
.Practice has anpplied the, dat,a,',for this' section. 
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In 1914, 5.12 acre feet per acre of irrigation water were applied, dis- 
tributed among three irrigations. ■ Five crops of iiay were cut, with an 
average yield of 6.45 tons per acre. In 1915, one irrigation of 1.7 acre 
feet per acre was given. The average yield was 5.04 tons per acre. In 
1916, the field wms plowed in the spring and seeded to barley, but not 
irrigated. The yield was about fifty bushels per acre. In June, after 
the grain had been harvested, the field was irrigated and planted to 
com for ensilage. Because of late seeding, only three tons per acre 
were obtained. In 1917, the area was planted to corn (variety tests) 
and forage crops in small plots. Irrigation was uniform for the block, 
a total of 1.21 acre feet per acre being applied in two irrigations. 

In 1918, alfalfa was again planted and irrigated once. In 1919, 
2,3 acre feet per acre were applied in two irrigations. The yield of 
five cuttings was 9.71 tons of hay per acre. In 1920, only one scanty 
irrigation was applied, because of a shortage of water, and only 2.5 
tons of hay per acre were harvested. 

In 1921, the east half of the area wms plowed and prepared for 
orchard planting. The west half remained in alfalfa until the follow- 
ing year, when it wms treated in the same way. 

ARRANGEMENT OF PLANTINGS 

The aeeompanying diagram (fig. 1) shows the arrangement of the 
first planting (block A). The second half (block S) duplicated the 
first except that the guard row of hardy pears wms not repeated, but 
Hardy pears were used as poliinizers, and Satsuma plums were 
; planted instead nf Santa Rosa. ■ The trees were planted twenty-seven 
and one-half ' feet apart each way. ... 

The varieties planted wei^e as follow- s : almond, Ne Plus Ultra and 
'T.X.L.; peach, Lovell apricot, Tilton; cherry, Chapman, and Black' 
Tartarian ; , Japanese plum, Santa Rosa 'and Beauty in Block ' A, 
Satsuma ' and 'Beauty ' in block B ; .apple, ■ White Astrachan'' and Red 
Astrachan; prune, Robe de Sergeant and Agen (Prench) ; pear, 
Bartlett and (guard ..row) ..Hardy, '■ ■ 

The rootstocks 'uS'cd were as follows:' For Ne" Pius Ultra almond, 
almond; for' I.X.L. almond,' peach;'Aor- peach, peach; for apricot, 
apricot,'; .for 'cherry, Mazzard;,: for-, Japanese plum, Myrobalaii; for 
apple, apple,; '.for p.rune, Myrohalan; and for pear, Japanese pear 
(Pyrus serotina): In 1928, the almonds. were, removed because of the 
death of .several trees .and 'the Badly diseased condition of several more, 
mnd',rep'la.nted with pears, on French root, ; 
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Pruning lias been uniform and moderately ' light througliout the 
life of the planting. One irrigation a year, in addition to the rainfall,, 
was sufficient to keep the trees growing thriftily until cover crops were 
planted. The plots were necessarily of three rows each. The scheme 
of planting of sorts requiring cross pollination was t-wo of one variety 
and one of another (see hg. 1). This arrangement limited the plots 
to three rows in order to eliminate varietal differences between plots. 
If the guard row on the north be disregarded, this scheme gives seven 
three-row plots, duplicated in block B. The eiiltiiral treatments 
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Fig. 1. Planting plan and arrangement of plots, block A. Block B 
duplicates block A, except as noted in the text. 

included three plots in the nature of checks, which were given clean 
cultivation as ordinarily practiced in the Sacramento Valley: two 
plots with winter cover crops, one plot with summer crop, and one 
plot with a permanent cover crop of aifalfa. Another orchard served 
as a guard on the south. Starting at the north, the treatments of the 
seven plots w^ere as follows: check (clean cultivation,, with weed' cover' 
in winter); alfalfa; mat hmn' (Plimeolus Mconitifdim) : (& summer 
cover crop) ; cheek;', If indicayYje an'd vetch ;"ancl, check., ''"The, 
,winter cover crops were planted September ,22, 1924,'. for the first time, 
and in, Sefitember of e,,,ach year .thereafter. „ The, alfalfa was planted in 
the spring of 192,5.'' The' mat .bean 'Was fi^rst' planted in May 1925, and 
■,in'M,ay ''of ,each'"suece'ed'in,g,",'year.: ,■ 
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DATA OBTAINED PEOM PLOTS 

In order to determine tlie effect of tKese crops on tree growth and 
production, and to determine tlie way these effects are produced, 
observations of various sorts were made on the plots. 

Eecords of the circumference of the trunk of each tree and of the 
yield of each tree have been kept. No differences have been seen in 
the behavior of the trees under these treatments up to the present 
time, except for a tendency for growth of the trunk to be slightly less 
in the apricots and peaches in block B in the alfalfa plot in 1927. 
Growth has been vigorous, and the early bearing sorts have given 
promise of good crops. The peach trees planted in block B averaged 
about twenty-five pounds of fruit per tree in 1927 and over fifty in 
1928, while those in block A averaged nearly two hundred in 1927 and 
over t’wo hundred in 1928. The apricot trees in block B averaged 
nearly fifty ix>unds per tree in 1927 , though only twenty in 1928; 
while those in block A dropped from over one hundred in 1927 to 
forty in 1928. 

Studies were made to determine seasonal changes in the soil 
solution, using the displacement method of Burd and Martin.^^^ The 
only major modification made in their method was the use of the soil 
directly from the field at whatever moisture content it happened to 
have, rather than the adjustment of the moisture content to a standard 
percentage before displacement. It was thought that this modification 
would give a closer approximation to the relative proportion of the 
ions studied, than would a method w'hich might dilute certain ions 
to a greater extent than others. 

A series of samples was taken at weekly intervals from May to 
September 1926, in the north check plot of peaches in block A, in 
order to determine whether or not there were times during, the summer 
when maxima or minima occurred which should be taken into account 
in further work. Two depths w^ere studied:, zero to three feet and 
three to six feet. 

Considerable fluctuation was found in the concentration of all ions 
considered except hydrogen ion concentration, which was almost con- 
.stant at pH 7.0 to 7.2 in the top-three feet, and from 7.4 to 7.8 in the 
8-6 foot samples; and phosphate concentration, which was almost 
without exception between, the limits of 0.5 and 1,0- parts per .million 
of total soluble phosphorus, expressed as PO^.- There were,, however, 
no marked maxima or minima between those' dates. ■' Sulfate varied 
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from 50 to 120 p.p.m., and nitrate from 130 to 500 p.p.m. of soil 
solution. Tine cations will be considered in a later paper. The differ- 
ences existing between the top three feet and the second three feet 
were considered to be too small to warrant the extra labor involTed 
in taldiig sampleSj so that all samples taken after 1926 are composites 
of the first four feet. 

Field sampling was carried on with soil tubes of the type recom- 
mended by the Dhfision of Irrigation. For all of the samples taken 
in 1927 and 1928, from twelve to eighteen fonr-foot samples were 
taken in the central area of a plot, and composited. Satisfactory 
duplicates could be obtained with this type of sampling. 

In 1927, a series of plots was sampled once a month from March 
until August and thereafter at irregular intervals. Samples were 
talven from twenty-eight plots, which included all the peaches and the 
pears of both blocks. These two fruits were selected because they both 
do well under the climatic conditions found at Davis, and because 
they represented the stone and the pome fruits. 

Specific resistance is given in tables 1 to 4. These data show a 
gradual drop throughout the summer, indicating an increase in the 
concentration of electrolytes. Less seasonal change occurs in the 
alfalfa plots than in the others. There seems to be some tendency for 
the resistance to be lower in the winter cover crop blocks, though this 
fact may have no significance. The moisture content of each sample 
is also given ; no constant relation is apparent between resistance and 
moisture content. 

The pH is fairly constant at about pH 7.0-7.6. 

The data for phosphorus are not presented, for they followed the 
same level found in 1926. If one considers the values obtained by the 
colorimetric method from solutions which had not been evaporated 
and ignited, the level of inorganic PO 4 is much lower, being from 
about 0.5 parts per million to only a trace. 

The data for nitrates in terms of parts per milhon of soil solution 
are presented in tables 5 to 8 . There was a tendency to follow, in a 
general way, the trend of conductivity measurements, mentioned 
above. ■ The drop in nitrates during the late winter period' was also 
striking in most plots. The minimum concentration generally occurred 
about April in both 1927 and 1928, at which time specific resistance 
was highest. An interesting contrast is 'evident between peach series 
and pear series. ' In. all six cheek plots in the pear series, the' general 
level of nitrates was higher than that in the corresponding plot in the 
peach' series. ' ' In the ■■alf.alfa -plots,, the 'differences were' 'insignificant.,' 
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TABLE 5 

Nitrate. Coxtent of Soil Solittiox in Peach Seeies, Block A , ix Parts per, 
Milliox of Displaced Solution 


Date 

Check 

Alfalfa 

Mat 

bean 

Check 

MeH- 

lotus 

Bye- 

vetch 

Check 

March 10', 1927 

117 

157 

157 

109 

176 


101 

April 11, 1927... 

101 

78 

112 

67 

135 

140 

78 

May 9, 1927,.... 

73 

176 

111 

157 

140 

211 

148 

June 13, 1927 

185 

127 

149 

132 

121 

254 

168 

July 11, 1927.. ■ 

288 

104 

157 

199 

317 

322 

314 

August 17, 1927.. . . . . 




125 

200 

225 

150 

October 5, 1927.. . 

193 

175 

88 

156 

142 

293 

160 

December 2, 1927 , 

136 

434 

360 1 

322 

322 

341 

347 

January 18, 1928 . 

353 

75 

136 j 
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124 

155 

244 

March 20, 1928 ' 

200 

34 1 


87 
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58 

77 
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67 

102 1 
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no 

93 
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65 
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93 
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162 


100 
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160 

125 

August 8, 1928....... 

165 

84 ' 

142 

1 230 

131 

195 

187 

September 15, 1928 

1 205 

82 1 

i 

175 

195 

269 

324 

271 


TABLE 6 


Nitrate Conte,nt op Soil Solutio.n in Peach Series, Block in Parts pe^, 
MimoN of Displaced Solution 


Date 

Check 

Alfalfa 

Mat 

bean 

Ch.eck 

Meli- 

iotus 

Eye- 

vetch 

Cheek 

March 28, ..1927 ; .... 

146 

152 

168 

157 

135 

146 

lOl 

April 25, 1927 ; 

101 

62 

101 

101 

152 

135 

112 

.May 23, 1027. ' ■ ■ 

243 

234 

211 

152 

165 

355 

*29A 

June 27, 1927 ■ 

132 

188 

213 

137 

112 

241 

286 

July 25, 1927 ’ .. . 

250 

176 

373 

174 

247 

380 

228 

0.ctobe,r 11, 1927 ... 

125 

138 

256 

125 

175 

188 

225 

January 16, '192'8..,..,. . 

150 

100 

372' ; 

211 

211 

204 

242 

February 23, 1928 

174 

87 

310 





Ma,rcli't3, 192S.. ■ 

262 

50 ; 

306 

177 

75 

66 i 

188 

April 12, mn 

81 : 

35 i 

90 

97 

91 

122 i 

90 

May .14, 1928 i 

133 



131 

165 

flR 


J'U.ne 11, 1928 ' .. ' 

206 

111 

245 

206 

i 1Q0 

1 S7U 

i 1 AO 

JIaU 

1 ^7 

July 12, 1928 . ' . 

177 

55 

1 222 '' 

210 

200 

! JLOiS 

■ 104 

: it) 

181 

Aug'ust 12, 1928 ..., 

\ '225.' 

146 

250 

215 

200 

219 

229 

September 5, 1928 ' . ■■ 

205 

82 

175 

195 

269 

' 324 

271 
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TABLE 7 


Nitrate Contet^tt of Soil Soletio?^ in Pear Series, Block in P^vkts per 
Million op Displaced Solution 


Date 

Check 

Alfalfa 


Check 

Meii- 

lotus 

Rye- 

vetch 

Check 

March 21, 1927 

236 

146 

162 

130 

131 

225 

247 

April 18, 1927 

112 

180 

185 

146 

258 

202 

118 

Alay 16, 1927 

161 

no 

213 

198 

198 

190. 

189 

June 20, 1927 

280 

130 

211 

243 

217 

285 

204 

July 18, 1927 

274 

173 

263 

242 

496 

606 

244 

September 19, 1927 

238 

75 

160 

240 

288 

400 

156 

October 24, 1927 

262 

81 

256 

431 

312 

427 

500 

January 11, 1928 

372 


347 

250 


174 

* ,211 

February 13, 1928 

329 

87 

236 

409 

124 

124 

360 

April 10, 1928 

221 

43 

61 

130 

93 

92 

1 215 

April 26, 1928 

142 

37 

200 

83 




May 2, 1928 

168 


202 

166 

1 315 

i 150 

125 

May 23, 1928 

218 

93 

397 

285 

225 

! 137 

1 

345 

June 20, 1928 

283 

263 

250 

237 

1 217 

1 237 

325 

July 11, 1928 

356 

87 

288 

225 

238 

375 

278 

August 10, 1928 

300 


224 

387 

311 

268 

387 

September 19, 1928 


89 


394 


516 






i 




TABLE 8 

Nitrate Content op Soil Solution in Pear Series, Block B, in PxArts per. 
Million of Displaced Solution 


Date 

Check 

Alfalfa 

: Mat 
bean 

Check 

1 

Meli- 
: lotus 

Rye- 

vetch 

Check 

April 4, 1927.... 

123 

112 

152 

202 

225 ! 

19F i 

169 

May 2, 1927 

202 

73 

135 

101 

112 I 

270 

123 

MayJl, 1927 

239 

238 

173 

173, " 

306 1 

'■ 587 , ! 

■ 248 

July 5, 1927 

328 

223 

308 j 

299 

326 1 

418 

■370 ' 

August 1, 1927 : 

305 

150 

487 ' ! 

238 

547 "1 

490 ,. 


November 1, 1927 

387 

121 

485 ■ 

325 

385 

435 . 

,'3.04 

Januarv 18, 1928.. 

223 

98 ; 

■' 223 

273 

4,22 

236 

' 422 ' ■ ■ 

March 16, 1 928 

m 

40 

190 : 

,171 , /" 

; / 1^7 

: ,' 107 ■ 

,'287 

April 18, 1928 

140 

AB 1 

■ ■ . . 76 ' 

101 

13S ■' i 

, 160. , 

' '178. , „ 

May 16, 1928 

261 



267 1 

280 , 

250 

261 

June"13,'1928. . .■ .■ 




382 

377 1 


391 

July 16, 1928.... 

410 

95 

150 

359 

620 

331 

363 ‘ 

August 14, 1928 

437 

131 

330 

562 

418 

434 

525 

September 12, 1928 

594 

79 

262 

600 

600 

462 ! 

5« 
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In the mat bean plots the differences were small, but both the plots of 
the pear series were higher than the corresponding plots of the peach 
series. The differences in the winter cover crop plots were even more 
pronounced than those in the check plots. This difference between 
species may be explained, possibly, fey the fact that the growth and 
yield of the peach trees was much greater than that of the pear trees. 
Another plausible explanation is the fact that peaches are considered 
by the grower to be ''heavy nitrogen feeders. ’’ The plots of the peach 
series were less variable than the pears, all of the plots tending to 
change in the same direction and to show smaller differences between 
the highest and lowest ones. 

The alfalfa plots had a tendency to be low in nitrates, especially 
under the pear trees. In the peach series the alfalfa plots are 
the lowest in over half of the samples ; while in the plots of the pear 
series they are lowest on twenty-two out of twenty six dates. This 
phenomenon is more striking in 1928 than in 1927. 

In the mat bean plots, the general behavior was similar to that of 
the cheeks. 

The Melilotus plots showed a high degree of variability. Only in 
the pears of Block B is there a marked increase in nitrates over the 
cheek plots in 1927, the other three series having shown, in general, 
little tendency to rise above the checks. The curves in 1928 closely 
approximate those of the cheeks. 

The rye and vetch plots had the highest general level of nitrates 
through most of the year in 1927. After about November they fell 
very rapidly, to a low point in the spring. In 1928, the curves were 
close to those of the checks, often falling below them, as may be seen 
from inspection of tables 5 to 8, Figure 2 shows the average of the 
nitrate concentration of the north and center checks from tables 5 to 8. 
The seasonal variation and difference between peach and pear plots is 
illustrated. Figure 3 shows the data for alfalfa plots from the same 
tables. The two sharp maxima are probably due to local nitrate 
■: accumulations. 

■ The. data; for nitrates, expressed in terms of parts per million of 
dry soil,, are presented in tables 9. to 12. '' These data give, an approxi- 
mation to the concentrations that might be expected from "one to 
one” extracts. They indicate that the seasonal changes mentioned' 
above are not the result of dilution or concentration due to changes 
in moisture content of the, soil alone. 
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Nor Apr. Mou June July Aug. 3epi Oct tifoa Dec. Jon. Feb. Mar. Apr. May June July Aug. Jept 
i9a7 i9aa 


Fig. 2. Average nitrate content of north and center check plots, in 
parts per million of displaced solution. 



Fig. 3. l^itrate content of alfalfa plots, in parts per minion of 
displaced solution. 
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TABLE 9 

Nitrate Content op Bisflacei> Soil Solptiox in Peach Series j Block A, 
IN Parts per Million of Dry Soil 
(Calculated from table 5) 


Date 

Check 

AKalfa 

Mat 

bean 

Check 

Meli- 
lotus ■ 

Hye- 

vetch 

Check 

March 10, 1927 

29 

39 

39 

27 

44 


25 

April 11, 1927 

24 

21 

26 

16 

28 

31 

19 

Afay 9, 1927 

15 

37 

22 

33 

27 

43 

33 

June 13, 1927 

43 

25 

29 

29 

27 

69 

35 

July 11, 1927 ' 

52 

19 

27 

30 

44 

48 

50 


17 



IS 

40 

47 

23 

October 6, 1927 

25 

26 

11 

23 

17 

44 

21 

December 2, 1927 

24 

69 

54 

58 

55 

61 

66 

January 19, 1928 

64 

12 

20 

31 

23 

28 

46 

Alarch 20, 1928 

42 

7 

10 

18 

9 

12 

15 

April 24, 1928 

30 

12 

18 

7 

19 I 

20 

19 

May 21, 1928 

19 

12 


18 

23 

20 

27 

June 18, 1928 

23 


17 


26 

25 

16 

July 9, 1928 

21 


16 

12 

18 

22 

16 

August 8, 1928 

21 

11 

16 

28 

13 

23 

24 

September 14, 1928... 

35 

15 

19 

] 

33 

48 

45 

38 


TABLE 10 


Nitrate Content op Displaced Soil Solution in Peach Series, Block 
IN Parts PER Million OP Dry Soil 
(Calculated from table 6) 


■ Date,' 

Check 

AlfaHa 

Mat 

bean 

Check 

Meli- 

lotUB 

Eye- 

vetch 

■Check 

March 28, ,1927, 

37 

38 

42 

39 

^ ■ 34 

38 

25 

April 25, 1921. 

23 

11 

20 

18 

31 

27 

22 

, May 23, 1927......... 

41 

30 

■ 44 

■ 24 

25 

50 

38 

June 27, 1927.... 

28 

30 

47 

. '27 

22 

48 

52 

July 21, 1927. 

40 

40 

45 

24 

40 

57 

34 

October 11, 1927...,..,, 

16 

15 

31 

15 

'25 

28 

23' ' 

January 10, 1928... 

33 

21 

■ , 67 'I 

42 


45 

48 

February 23, ,1928...,...., : 

38 

20 

66 I 

i 

13, 1928 

,' ' '52 

"10 1 

. , -60 ' 

35 

14 

11 

38 

April 12, 1928....... ' 

17 

■ 7 j 

19 

18 

19 

23 

17 

May M;1S2S 

21 



21 

26 

■ 15 

18 

June 11, 1928... 

29 

15 

■ 34 ' ' 

28 

31 

21 

20 

July ,12, 1928 ' 

" 27 . 

8 

27 

36 

24 

15 

24 

August 12, 1928......... i 

29 

19 

■ '28 

,26 

' .23 

24' 

! .. ,34 

September 5, 1928....... I 

23 

" 11;: ■■ 

45 

■ 36 , ,' 

36 

:'27' ' 

■ ' , "35 
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TABLE 11 

Nitrate Content of Soil Solution in Pe.ar. Series, Block A, in Parts per 
Million op Dry Soil 
(Calculated froui table 7) 


Date 

Check 

Alfalfa 

Mat 

bean 

Check 

Meli“ 

lotus 

. Rye- 
vetch 

Check 

March 21. 1927 

59 

37 

41 

33 

30 

56 

62 

April 18, 1927 

27 

43 

41 

31 

54 

‘ 44 

■25 

May 16, 1927 

34 

21 

45 

38 

34 

34 

44 

June 20, 1927 

62 

31 

40 

52 

46 

51 

49 

July 18, 1927 

52 

26 

26 

64 

84 

85 

49 

September 19, 1927 

43 

11 

24 

41 

63 

68 

20 

October 24, 1927 

47 

11 

33 

60 

53 

60 

90 

January 11, 1928 

74 


73 

58 


36 

46 

February 13, 1928 

79 

19 

54 

98 

29 

27 

79 

April 10, 1928 (estimated) * 

44 

8 

12 1 

26 

19 

18 

43 

April 26, 1928 


6 

42 

17 




May 2, 1928 ^ 

35 


46 

36 

63 

30 

25 

May 23, 1928 

43 

16 : 

83 

67 

45 

22 

66 

June 20, 1928 

62 1 

43 I 

45 

45 

39 

47 i 

64 

July 11, 1928 ! 

71 

13 

58 

38 

42 

55 

50 

August 10, 1928 

51 


29 ! 

50 

40 

35 

46 

September 19, 1928 ^ 


13 


63 
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* This set of figures calculated on an estimated moisture content of 20 per cent. 


TABLE 12 


Nitrate Content of Soil Solution in Pear Series, Block B, in Parts per 
Million of Dry Soil 
(Calculated from table 8) 


Date 

Check 

. Alfalfa 

Mat 

bean 

Check 

Meli- 

iotus 

Bye- 

vetch 

Check 

April 4, 1927. 

1 31 

28 

38 

61 

56 

48 

i 42 

May 2, 19'27. 

42 

14 

28 

; , ,23 

23 

57 

; 26 

May 31, 1927 

45 

31 

36 

1 ' 31 

58' 

lOO' 

I ' 46 

July 5, 1927........... ' 

69 

46 

68 

1 ■ 63 

64 

84 

1 ' 74 

August 1, 1927....... 

58 

26 

90 

1 45 

93 , 

§8 ., 

. 57 

November; 1, 1927.... 

62 

17 

70 

59 

54 ■ 

65 

,43 , 

January' 18, 1928.. 

■■' .42, , 

19 ' 

45 

67 

84 ■ , 

62 

1 ''SO 

March 16, 1928 ; 

'34 

8 ! 

38 

', ,34 ' i 

' 34 

', '21 

|, ''ST'. 

April 18, 1928 (estimated)* 

28 '■ ^ 

,' .9' ' 

15 

20 ■ '! 

.27 ', i 

'32, ■ 


May 16 1928'' ... ' ' 

47 



56 

' 5'6 

'. 43.'." 

47 ,, 

June 13 1928 , . ....... 




so 

53 ■■ '' ' 


.' .'61 ■ 

July 16, 1928 

70 

14 

"24 

54 ■ 

105 

50 

64 

August 14, 1928 

61 

20 

60 

72 

59 

69 

79 

September 12, 1928 

■' ■ 77 ■ ■ ; 

9 

■ ■ '26 

84 

66 

55 

60 


* This set of figures calculated on an estimated moiature content of 20 per cent. 
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Among the most striking differences thus far observed were those 
in the sulfate content, given in tables 13 to 16, between the peach series 
and the pear series. In the great majority of eases throughout this 
period, the sulfate content of the solution from the peach series was 
higher than that of the corresponding pear plot. The differences were 
greater and more consistent than were those of the nitrates pointed 



Fig. 4. Average sulfate conteat of the three check plots, in parts per 
million of displaced solution. 


out above. The variability of the peach series with regard to sulfate 
was likewise greater than that of the pear plots. Differences between 
treatments were not consistent enough to be considered significant. 
It should be noted that the tendency of the maxima to appear in the 
fall and the minima in spring corresponded to the tendencies noted 
for nitrate, though by no means in so clear a manner. The data 
expressed on the dry weight basis showed the same features. The 
average of the three cheek plots is shown graphically in figure 4. 



April, 1929] Froelsting : Nitrate and Sulfate Content of Soil Solution 


73 


TABLE 13 

Sulfate Content of Soil Solution in Peach Series, Block A, in Parts, pee 
Million op Displagei> Solution 


Date 

Check 

Alfalfa 

Mat 

bean 

Check 

Meli- 

lotus 

Rye- 

vetch 

Check 

March 10, 1927 

79 

160 

54 

21 

46 

42 

38 

April 11, 1927 

52 

73 

92 

45 

102 

104 

135 

May 9, 1927 

81 

104 

102 

S3 

120 

75 

108 

June 13, 1927 

85 

99 

64 

113 

121 

75 

29 

July 11, 1927 

83 

143 

124 

62 

156 

89 

82 

October 5, 1927 


250 

228 

202 

194 



December 2, 1927 

130 

164 



146 

92 

127 

January 19, 1928 

317 


189 ^ 


193 

125 

174 

March 30, 1928 

320 i 

135 

168 ; 

92 

205 

155 i 

151 

April 24, 1928 

215 i 

169 

147 I 

119 

89 

142 

91 

May 21, 1928 

284 ■ 

153 


231 

258 

182 

227 

June 18, 1928 

247 


109 

149 

93 i 

142 

187 

July 9, 1928 

162 


98 

169 

185 

226 

179 

August 8, 1928 

250 


203 

210 

295 


September 15, 1928 

310 

191 

197 

201 ' 

193 

238 

237 


TABLE 14 

Sulfate Content op Soil Solution in Peach Series, Block B, in Parts per 
Million op Displaced Solution 


Date 

Check 

Alfalfa 

Mat 

bean 

: Check 

; Meli- 
lotus 

Rye- 

vetch 

1 Check 

March 28, 1927 

92 

78 

39 

' 52 


31 

. 146 

April 25, 1927 

120 

146 

104 

104 

80 

115 

49 

May 23, 1927 

146 

193 

177 

196 

68 

68 

113' 

June 27, 1927.. 

61 

125 

63 

159 

97 

144 

114 

July 25, 1927 

196 

86 

188 

109 

79 

128 

42 

October 11, 1927 

332 

169 

372 

'652 


283 

362 

January 16, 1928 

178 

160 

207 

201 

83 

226 

,216 

’F’^hmarv 1928 

103 

193 

164 





March 13, 1928 

185 

114 

188 

115 

107 

182 

209 

April 12, 1928 

187 

141 

127 

76 

102 

135 

6,8 

May 14, 1928 

240 



231 

235' 

'233 

238 ■ 

June 11, 1928...... 

190 

139 ' 

110 

168 

-198 

'67' 

121 

July 12, 1928 

144 

64 

146 i 

154 

170 

101 

ISi 

August 12, 1928....... 

229 


190 1 





September 5, 1928 

203 

81 

193 i 

225 

; '211, 

277 

211 



'4 


Hilr/ardia 


[Vol. 4, No. 2 


TABLE 15 

>Sulpa.te Content op Soil Solutiont in Peae SerieSj Block A, in Parts per 
Million of Displaced Solution 


Date 

Check 

Alfalfa 

Mat 

beau 

Check 

Meli- 

lotus 

Rye- 

vetch 

Check 

March 21, 1927 

75 i 

29 

22 : 

29 

22 

15 

38 

April 18, 1927. 

66 

14 

34 

45 

26 

41 

38 

May 16, 1927 

40 : 

47 ; 

57 ^ 

65 

60 

38 

71 

June 20, 1927 

63 ' 

63 

40 

56 

40 

38 

59 

July 18, 1927 i 

46 

68 

62 

89 

43 

65 

41 

September 19, 1927 

105 

89 

101 

131 

103 

81 


October 24, 1927... 

168 


354 

205 

351 


February 13, 1928 

117 

91 

94 

119 

123 

87 

1 103 

April 10, 1928... 

68 

120 

84 

84 

; isi 

; 102 

^ 88 

May 23, 1828 

102 

134 

113 

153 

120 



June 20, 1928 

102 

69 

100 


128 

98 

109 

July 11, 1928 

106 

1 103 

116 

90 

94 

' 106 

96 

August 10, 1928 

1 125 


128 

109 

100 

97 

138 

September 19, 1928 


219 

152 


1 


i 






TABLE 16 

Sulfate Content of Soil Solution in Pear Series^ Block B, in Parts per 
Million of Bisplaceo Solution 


Date 

Check 

Alfalfa 

Mat 

bean 

Check 

lotiis 

'Rye- 

vetch 

Check 

.March 4, 1927.. ■ 

42 

20 

27 

52 

46 

62 

60 

Hay 2,. 1927... : 

85 

32 

25 

62 

26 

92 

67 

July.S, 1927. ' 

58 

51 

59 

40 

51 

52 

95 

August, 111 927.,... 

123 

106 

92 

92 

114 

63 

59 

Koveinte 11, 1927........ 

193 


86 

59 


175 


January 18, 1928 ' 

98 


82 

8L 

' 133 

<7K 


March 18., 1928. : 

83 

66 

82 1 

70 

97 

1 

76 ' 

121 

April 18,, '1928 

77 

55 

76 

w j 

86 

103 

141 

98 

'May li, 1928 ! 

140 



168 

118 

1 , 138 

lAT 

'' .May 13, 1928....,...,...,..' 




155 

105 

lui 

1 (i’7 

July 18, 1« ■ '. 

158 

89 

95 


I 138 

; , 111 

lot . 

' 88 

August 14, 192:8,. 


113 






September 12, 1928....... : 

179 

115 

; 102 

152 

' 107 

160 

ImO 

150 
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DISCUSSION AND CONCLUSIONS ■ 

As a result of these studies, which are in the nature of a progress 
report, it is possible to point out certain points of difference between 
the changes induced in the soil solution by trees and by cereals, Burd 
and Martiii<--^ showed a marked drop in nitrate content at the end of^ 
the growing season for cereals. The data presented here do not show 
this for trees under Davis conditions, but show a tendency for a rise 
to occur during the growing season. It might be thought that the 
cover crops, whether planted or natural, as in the check plots, show" 
the same tendency as do cereals. The alfalfa plots, however, have 
their minima at the same time as do the winter co%^er crop plots, 
although the growing season of alfalfa corresponds more nearly to that 
of the trees. The mat bean plots, wliich are nearly bare in winter, 
show" a similar drop in the spring. It appears that, w"ith the exception 
of alfalfa, nitrification exceeds utilization throughout the summer 
months. This is in fairly good agreement with the data of Lyon, 
Heinicke and Wilson, who find nitrates to be at their maximum in 
June to August and to decrease in October. They report no data for 
the winter months. The minimum in the spring may be due to with- 
draw"al by roots, w"hich are growing at that period. 

Burd^®^ has pointed out that soils depleted in chloride and nitrate 
ions are high in sulfates. A similar phenomenon is seen in the 
comparison of the peach and pear series, the plots of the peach series 
being higher in sulfates and lower in nitrates than the plots of the 
pear series. The coefficient of correlation between the concentrations 
of these twm ions is, how^ever, very low, and the seasonal fiiietuations 
of the two ions do not show a reciprocal relationship. It is possible 
that the bicarbonate relationship may offer at least a partial expla- 
nation of these diserepancies, though adequate data on this point are 
not available' at the present time. 'The fact that nitrates are generally 
somewhat higher and sulfates lower than in most -of the cropped soik 
reported on by Burd and -Martin. -suggests that with ' more .intensive.- 
cropping .the, d,ifferences hetwe,-en species, noted here might; be ';™ 
.striking, and. certain anomalies in the 'figures might disappear. 
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INTRODUCTION 

Since 1924 certain phases of soil temperature have been studied at 
Davis, California, in order to ascertain the mflueiice of various soil 
conditions, of moisture, and of the shading’ effect of crops upon soil 
temperatures. . 

The data herein reported will show that the ranges in thermal 
environment of various parts of a growing plant-top, stems, and 
roots are apparently very great. For example, the leaves and branches 
on July 17, 1925, were in atmosphere heated to 116*’ Fahrenheit; the 
stem (unshaded) just below the ground surf ace, was in soil having a 
temperature of 143° ; while' the roots would be in a medium at 107'* for 
the 3-inch depth, and 84"^ for the 24-inch depth. 

■ Bacteria and fungi of many varieties may live at low temperatures 
in the . soil. The limit below which most cultivated plants are: 
practically inactive lies in general between 40' and 45° F. Bacterial 
activity ' which increases the' supply of available nitrogen is stimu- 
lated by relatively high temperatures 'while at extreme'ly high tem,- 
peratures.this activity is reduced to a degree as unimportant as when' 
too low temperatures prevail. ■ Thus acknowledge of' the ran.ge"'o£ 

* Tlie .eo'O'peratioH of several iadividnals is hereby acknowledged,': Mrs. ' J. 'B., 
'Simmons, Messrs, J, W. 'ridmore and Fred. Flint' for their assistance in collecting' 
'the' data ; ' .and Mr. ' J.. L. .Lynde, ,'for ' preparing the. .fin.al co.py .of the' 'figures. ■ , : 

t .AsS'OCiate "Professor of ,S' 0 il.„''T 6 ehnology and As,soeiate: S'Oil", Technologist"., in 
' the ' Experiment BtatiO'H. '' ' ', . , 
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temperature at various depths in the soil, will he helpful in the 
interpretation of haeterial activity. 

The effect of soil temperatures on the chemical reactions taking 
place in soils is shown by the varying character of the soil solution 
throughout the year. The difthision of the dissolved material away 
from the soil and through the roots and other tissues of the plant are 
probably hastened with a rise of temperature. 

The sharp contrast between the highly decomposed soils of wet 
tropical regions and the moderately decomposed soils of the polar 
regions is due to the greater rainfall in the tropics and the influence 
of high temperatures in promoting rapid chemical action in the soil. 


LOCATION OP EXPEEIMENTAL SITE 

The site under study lies on a recent alluvial fan, the apex of 
which is approximately 14 miles west of the site and the base is 
about 7 miles east. The slope in the immediate vicinity ranges from 
5 to 10 feet per mile in a general southeast direction. The nearest 
hills are those at the apex of the fan. The soil which is a member of 
the Yolo series is derived mainly from sedimentary rocks and is 
brown in color when moist. 

The texture of the surface soil is loam and at a depth of 3 feet it 
changes to a fine sandy loam of a light brown color. Prom well 
borings made in the immediate vicinity it is found that no hardpan 
or bedrock is encountered within 150 feet of the surface. The surface 
water table is normally at a depth of about 20 feet while the depth 
of the irrigation wells are approximately 120 feet. The source of the 
soil moisture in the upper six feet of soil was from rainfall alone as it 
has been determined that with the Yolo loam ‘'water tables at ten 
feet or more below the surface would be below the maximum height of 
capillary rise and wmuld result in no movement of water to the 
surface. 

As the rains occur dining the winter only and the air tem- 
peratures are lower during the rainy season the moisture content in 
the .surface,' soil is naturally.' higher from .September To May than 
'during.,, the rest of the year.. During the ■ dry ,sea.son the moisture 
content of, the surf ace, soil w^as decreased by direct evaporation from 
the: bare' plots, as the land was not, cropped, and all weeds and other 
'vegetation was kept down by regular, cultivation. No eropS' or vegeta- 
tiGii have been allowed to grow on this plot after 1923. \ 
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SOIL AND ATMOSPHERIC CLIMATE 

Tlie “soil climate’’ is to a large extent dependent on the “atmos- 
pheric eiiiiiate,” as many investigators have shown that the changes in 
barometric pressure, temperature, humidity, and other climatic factors 
iiifliieiiee the soil climate. ' Some of the recent contributors to this 
phase of research have been Bouyoiicos and McCool/^^ Taylor/^^^ 
Walker, Harrington, Shaw',^®^ and Smith. Certain elements' of 
soil climate, as for instance temperature, have pronounced effects on 
plant growth, diseases, bacterial activity, etc. These problems have 
received widespread attention during the past few years as by J ones, 
Johnson and Diekson/^^ Camp and Walker, Valleau, Kenny and 
Kinney, Mason, and many others. RiisselT®^ has made an 
areal analysis of California climates and suggested a classification of 
the various types based on the classification scheme of Yladimir 
Koppen.^^^ Russell characterizes the climate of the Sacramento Yalley 
where this soil temperature wnrk has been carried on as “Hot Summer 
Mediterranean, olive elimate, with its warmest month averaging above 
71" F. The type of Mesothermal climate characterized by at least 
three times as much rainfall in its wettest winter month as received 
during its driest month is commonly known as Mediterranean. ” 

In the latest annual summary of the United States Department of 
Agriculture Weather Bureau^^^I the average annual precipitation for 
Davis is given as 17.03 inches with the month of January having an 
average of 3.87 inches and the driest months, June and July having 
an average of 0.01 inch. The warmest month, July, at Davis averages 
74.6° F. ' 

SOIL MOISTURE VARIATIONS ■ 

Determinations of the moisture content of the area where these soil 
temperature studies were carried on were made at frequent intervals. 
The samples' were obtained by means of a soil tube, at the , following 
depths, in inches': 0-4, 4-8, 8-12, 12-24, 24-36, 36-48, 48-60, and 
60-72 in, four ' locations, in, the area. The samples were' dried Ao, 
constant weight' at' 212 °',P and the percentage calculated ■ on oven 'dry, 
basis. 

With subsoil "drainage unrestricted, which Condition,: existed '''in^ 
this area,, -during, the, 'wunter,, season the soil retained; moisture 'up' to,' 
,itsn 0 rmal,moist'Ure eap,acity''or^ to 'its .field moisture, capacity ."of '20~22,' 
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per cent in tlie loam surface soil (0-36 indies) and 16 to 18 per cent 
in the fine sandy loam subsoil (36-72 inches). This condition was 
reached after the seasonal rainfall totaled , about 3 inches which 
appeared sufficient to replenish the moisture lost during the previous 
dry season. Many moisture equivalent determinations made on part 
of the soil samples from which the soil moisture tests were made show 
that the moisture equivalent of the surface loam soil is around 20 
per cent and of the fine sandy loam subsoil is 16, or approximately the 
amount of moisture normally present in the soil during the rainy 
'season. 

During the dry season of the year, on account of the fact that this 
area was not irrigated, the moisture content of the soil decreased. 
The surface 4 inches naturally dried out to the greatest extent so that 
by September, when the rains usually start, it contained approximately 
5.00 per cent. The moisture content of the next layer (4-8 inches), 
dropped to about 12 per cent and for the section, 8-12 inches, to 
about 15 per cent. In the sections, 12-24 inches, and 24-36 inches, 
the lowest moisture content was about 18 per cent. In the various 
sections of 36-72 inch depth the soil was a fine sandy loam and the 
lowest moisture content was around 15 per cent. With no crop 
growing, and cultivating the surface 4 inches once a month, there was 
a changing moisture content extending to a depth of 72 inches. The 
loss of moisture from the soil was brought about mainly by vapor 
movement, possibly aided by some capillary movement. In another 
portion of this area, experiments were conducted with various types 
of paper mulches which will be reported in the future. Certain 
phases of this study have been reported^^^^ but mention is made here 
in order to offer evidence about soil moisture movements. By covering 
the soil with an unperforated black paper at the beginning of the dry. 
season it was found that the surface 4-inch section contained approx- 
imately 20 per cent of moisture at the end of the dry season. The 
4-8 inch section was drier and its moisture content at the end of the 
dry season was generally about 12 per cent. Beads of moisture 
collected on the underside of the paper and as only the 0-4 inch 
area maintained its moisture content and the area immediately below 
it was much drier it is clear that moisture movement in the vapor 
phase ' is an important consideration, ' 
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INSTALLATION OF EESISTANCE THEEMOMETEES 

Electrical resistance thermometers were standardized and placed 
at the depths of 14? 3, 6, 12, 24, and 36 inches in the bare cultivated 
area. Thej^ were put in place by digging a small hole, carefully 
preserving the soil from the various depths. The thermometer 
bulbs were then inserted in the undisturbed soil horizontally so that 
they were at least 8 inches from the wall of the excavation. The soil 
wms then replaced, care being exercised to attain the same structure 
as originally existed at the various depths.f The resistance ther- 
mometers were eoniieeted to an overhead cable which extends for a 
distance of 150 feet to a small frame structure wherein an autoinatic 
Leeds and Northrup temperature recorder was installed. The tem- 
perature from each individual resistance thermometer was recorded 
every 15 minutes, day and night, in degrees Farhenheit. Air tem- 
peratures herein recorded were obtained at a height of four and one- 
half feet above the soil at the Davis Station of the United States 
Weather Bureau located approximately 1400 feet northwest of the soil 
temperature plots. A shelter house similar to the United States 
Weather Bureau type is located on the area xvhere the soil tempera- 
ture studies were made, and tests made at different seasons were 
found to be in close agreement with those occurring at the Davis 
Weather Bureau Station. Therefore, the data for the curves were 
taken from the records of the latter. Temperatures of the immediate 
soil surface are not reported herein although occasional records were 
obtained by use of the copper bulb thermometer.^^^^ The soil tem- 
perature ranges, occurrence of maximums and minimums with respect 
to sunrise and sunset, and the diurnal range for the various depths 
during the warmest week in 1925 have been previously reported.^^^^ 
From the data given in the accompanying figures similar information 
can be obtained for any part of the periods shown. In preparing the 
figures it was necessary to record the data by hourly intervals but care 
was always exercised that the actual maximums and minimums were 
accurately shown. 


4 Temperatures are now being obtained in another phase of the , project, at 
depths of 48, 60, .and 72 inches also. The 'results will.be reported in a later 
publication.'' 
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INTERPRETATION OP FIGURES ' 

The prevailing sk}" condition for each particular da.y is given, 
being indicated as cloudy if the sky was overcast the greater part of 
the 24'hoiir period although there may have been a few hours with a 
clear sky as allowed in the Weather Bureau classification. The same 
is shown relative to direction of the wind and in ease it was 
variable it is so indicated. During the wdnter months the north winds 
are cold while during the dry summer months they are hot. The 
southwest wind is cool in the summer and warm in the winter as it 
comes through the Golden Gate over the San Francisco Bay and then 
swings northward over land areas for a distance of about 30 miles 
before it reaches this area. 

The rainfall occurring on any particular date is also shown so 
that the effect of this climatic element can also be noted. 

The data herein reported is for two eontiniioiis periods, E^ebruary 
to October, 1925, and December, 1926 to July, 1927. Occasionally the 
instrument was stopped because of making adjustments, failure of 
current, or for repairs ; such periods are indicated by breaks in the 
curves. After installing a direct current motor, trickle charger and 
24-volt battery having 50 ampere hours capacity, there have been 
relatively few interruptions in operation. Since this change was 
made the recorder has been operating on almost perfect schedule and 
in a period of 24 hours the usual time error is not over 2 minutes. 
Corrections are made ivhen necessary and this error is not cumula- 
tive. When operating on the alternating current the line load varied 
and the current would be cut off for short periods making the time 
error greater. The temperatures shown on the graphs are within 
one degree of accuracy and the time error is less than 5 minutes. 


TEMPERATURE RECORDS FOR 1925 PERIOD 

The first set of figures (1~31 inclusive) covers the interval from 
February 23,, 1925 "to September 28, 1925 and shows the temperature 
ranges 'that crop,s would he subjected to ' when planted ., early in the' 
spring and harvested before the heavy, rainS' commenced in - the f all- 
in this period of 31 /weeks '(217. da.ys) 'a targe, number, of' nrops-,are' 
sown, "and harvested'^ in ",Caiifomia.' ,For emphasis, it ts, ' agai'n,' stated' 
that the 'area where these'Studies 'were. 'made was, ''not irrigate,^.;':"' 
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Air Temperature Ranges During 1925 Period . — The minimiini air 
temperature of 30° was reached at 6 a.m. on March 10, 1925 (fig. 3) 
while the sky was clear and at the beginning of a six-day period 
without rain and with a prevailing wind direction from the north. The 
maximiiin air temperature of 116° was reached at 1 p.m. on July 17 
(fig. 21) on a clear day with north wind. In the autumn the minimum 
air temperature before September 28 was nearly 45° in the week . of 
September 21 (fig. 31). The range in air temperature during the 
1925 p.eriod was 86°. 

Soil Temperatures at One-half Inch Depth for 1925 Period . — 
The minimum soil temperature for soil thermometer No, 1 (one 
half inch depth) occurred at practically the same time as the mini- 
mum air temperature on March 10 (fig. 3) and was 29° P. The 
maximum soil temperature at one-half inch depth which was of 
sufficient duration to affect the deeper soil amounted to 143° and 
occurred on July 17 (fig. 21) at 2 p.m., one hour after the maximum 
air temperature. A higher maximum of 146° (fig. 23) was reached 
at this depth but this was not reflected in the temperatures of the 
deeper soil layers because the soil was drier and the duration was not 
as long on July 17. The minimum temperature in the autumn before 
September 28 for the one-half inch depth was 55° and occurred at 
practically the same time as the minimum air temperature (fig. 31). 
There was a range in temperature during the 1925 period at a depth 
of one-half inch in the soil of 114° or 28 degrees greater than in the 
range in the air temperatures during the same period. 

Soil Tempemtures at 34nch Depth for 1925 Period.— The mini- 
mum soil temperature for the 3-ineh depth (thermometer No. 2) was 
42° and occurred at 7 a.m. on March 10 (fig, 3) one hour after the 
minimum air temperature had been reached. The maximum tempera- 
ture at this depth amounting to 107° was reached on July 17 (fig. 21) , 
two hours after the maximum air temperature. The lowest tempera- 
ture for the 3-inch depth after the summer months and before 
September 28 was 68° and occurred during the last week. The range 
in temperature for the 3-inch depth was 65° or 21° less than that of 
the air and 49° less or only 57 per cent of the range for the one-half 
inch depth., 

■ Soil Temperatures at S-ineh Depth for 1925 Period . — The soil tem- 
peratures' obtained at a depth of 6 inches are' indicated by curve ''NO'. 
3 on 'the' figures. The'ininim.um .temperature at' this depth ''was''44°'' and 
oecurred''„at 8; A.M.nn March. 10 (%. 3)' two hours after the minimum 
air "temp'Orature. .The 'm.aximtim.temperature',.of .101,°. was reached on. 
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July 17 (%. 21) whieh gives a range of temperature at the G-ineli 
deptii of 57° during this period. This range was 88 per cent of the 
range W’-Mch had occurred at the 3-mch depth or 50 per cent of the 
range for the one-half inch depth. After the summer period the 
iiiinimiim temperature reached at the 6-ineh depth was 73° which 
occurred during the week of September 21 {fig. 31). At the depth of 
6 inches during this period of 31 weeks the soil temperature did not 
fail below 44° F. 

Soil Temperahires at 124nch Depth for 1925 Period . — ^Daily 
changes in soil temperatures are clearly evident at the 12-mch depth 
vshown in figures 1-31 inclusive and as has been previously reported.^®^ 
The temperatures obtained for this depth are indicated on the figures 
by curve 4. The minimum temperature was 48° at 12 noon on March 

10 (fig. 3) or six hours after the minimum air temperature. The 
maximum temperature of 93° was reached at 1 a.m. on July 18 (fig, 
21) which was twelve hours after the maximum air temperature. A 
range in temperature of 45° is shown for the 12-ineh depth or 79 
per cent as great as occurred at the 6-ineh depth, or 40 per cent of 
the range for the one-half inch depth. The minimum temperature at 
the end of the period was 73°, the same as for the 6-inch depth. 

Soil Temperatures at 244nch Depth for 1925 Period . — The tem- 
peratures for the 24-inch depth are shown as curve 5 on the figures. 
The minimum was 52° and occurred on March 12 (fig. 3) at midnight 
or sixty-six hours after the minimum soil temperature. The maxi- 
mum of 87° was reached at 12 noon on July 19 which was twenty- 
three hours after the maximum air temperature. The range of 35° 
for this depth was 78 per cent as great as had occurred at the 12-inch 
depth or nearly 31 per cent of the range for the one-half inch depth. 
The temperatures during the last week (fig. 31) at this depth were 
fairly constant, dropping to 77° during the last two days. In general 
there are no regular increases accompanied by decreases in tempera- 
ture during a twenty-four hour period at this depth, there being 
either a gradual warming or a gradual cooling. 

Soil Temperatures at 364uch Depth for 1925 Period . — The mini- 
mum temperature for the 36-inch depth (curve 6) was 53° which 
occurred at midnight on March 12 (fig. 3) at the same time as the 
minimum for the 24-ineh depth. The maximum of 84° occurred at 

11 A.M. (fig. 22) on July 22 which was 118 hours after the maximum 
air temperature. The range in temperature for this depth was 31° 
and was 90 per cent of that at the 24-inch depth or 27 per cent as 
great as had occurred in the one-half -inch section. Throughout the 
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entire last week (fig, 31) the temperature for this depth was uiiiforiii. 
It will be noted that curve 6 which indicates the temperature' changes 
for this depth is smoother than the others. 

Effect of Character of Sky, Rain, and Wind During 1925 Period , — 
It is difficult to show" the effect of the rain, wdnd, or cloudiness by the 
scale used in the accompanying figures. Average conditions for each 
.tw"enty-four hour period only are showm. The velocity of the wind 
naturally varies considerably in a twenty-four hour period. It was 
regularly noticed that sudden changes in wind direction, velocity or 
cloudiness were wofleeted in the soil temperatures to a depth of at 
least 3 inches when these conditions endured for as short a period as 
ten minutes. Preceding the middle of May in general the north wind 
has a cooling effect on the soil temperatures while later the opposite is 
true. The south winds are opposite in effect to the north winds. Many 
times during the summer months the wind is from the north during 
the daylight hours and at night there is a slight southerly cooling 
wind. This could be clearly showm only by using such a scale for the 
figures whereby the velocity and direction of the winds could be in- 
dicated at least by fifteen-minute intervals. The effect of “day 
breezes ’ ’ during the summer months is therefore w^arming as the air 
moves a long distance over land areas while the “night breezes’’ are 
cooling because they come from over water surfaces and only a short 
distance over land areas. 

Clear weather before the middle of May is accompanied by increas- 
ing soil temperatures but when combined with north winds a decreas- 
ing effect is noted. Cloudy weather without rain culminated by 
southerly winds aids in reducing the daily range in soil temperature 
for the surface 24 inches of soil. Particular periods can be observed 
when the effect of cloudiness or wind direction are more noticeable 
than at other times. The effect of rainfall on soil temperatures is 
most effectively showm in figures 5 and 6 w"here during the period of 
March 29-31, inclusive, there was a total rainfall of about 3 inches. 
This rain came after a period of five dry weeks. 




Mg. 1.^ — ^Week of February 23, 1925. Mg. 2. — ^Week of March 2, 1925. Fig. 3. — Week of March 9, 1925. 

Soil and air temperatures and atmospheric conditions. Curve i shows soil temperature at one-half inch depth; 2 at 3; 

^ at 6; 4 at 12; 5 at 24; and 6 at 36 -inch dex)ths. 
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Fig. 25. Week of August 10, 1925 Fig. 26. Week of August 17, 1925 Fig. 27.— Week of August 24, 192; 

Soil and air temperatures and atmospheric conditions. Curve 1 shows soil temperature at one-half inch depth; S at 3: 

# at 6; 4 at 12; 5 at 24; and 6 at 36-ineh depths. 














Mg. 28. Week of August 31^ 1920 Mg. 29. Week of September 7, 1925 Mg. SO.-^Week of September 14, 192 

Soil and air temperatures and atmospheric conditions. Ourve 1 shows soil temperature at one-half ineh depth; 3 at 3; 

^ at 6; 4 at 12 j S at 24; and 6 at 36'incli cleiiths. 
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TEMPEKATUBE BECOBDS FOR 1927 PERIOD 

The next set of figures (32-57) inclusive takes into consideration 
the temperature conditions that fall sown crops would be subjected to. 
This period extends from December 20, 1926 to June 20, 1927 and is 
also of aid in comparing certain similar dates with the first set 
(figures 1-31). The lowest air temperatures at Davis usually occur 
during December or January and frequently the highest occur about 
the middle of June so this set of data might prove of value from that 
viewpoint as well as for fall sown crops and short season spring 
crops. 

Air TempemUcre Ranges During 1927 Period. — The lowest air 
temperature was 24° and occurred at 5 a.m. on December 27 (fig. 32) 
while the sky was clear and the air calm. This was preceded by a 
period of four days when the prevailing wind direction was from the 
north. For the five days from December 27 (fig. 32) to December 31 
(fig. 33), inclusive, the minimum ranged from 24“^ to 26^ F. The maxi- 
mum air temperature of 105° occurred at 2 p.m. on June 15 (fig. 57) 
during a period of clear weather when the prevailing wind was from 
the north. During the periods when the maximum and minimum air 
temperatures were reached, the north wind had either a cooling or 
warming effect depending on whether the land area over which it 
passed was cold as in winter or wmrm as in summer. The range in 
the air temperatures during the 1927 period of observation was 81°. 

Soil Temperatures at One-half Inch Depth for 1927 Period. — The 
minimum soil temperature at the one-half inch depth (curve 1) was 
32° and occurred at 5 a.m. on December 27 (fig. 32) at practically 
the same time when the minimum air temperature occurred. The 
surface soil at this time was moist. The maximum temperature of 
108° was reached at 3 p.m. on June 15 (fig. 57), one hour after the 
maximum air temperature had occurred and when the surface soil 
dry. A range of 76° is indicated in the temperatures at the one- 
half inch depth which is about 94 per cent as great as that of the air 
temperatures. It is particularly of interest to note that although the 
temperature of the air four and one-half feet above the soil reached 
a minimum of 24° the lowest temperature of the soil at a depth of 
one-half inch was 32°— or 8° higher. 

■Soil Temperatures u~t 34%ch Depth for 1927 Period. — The tempera- 
tures at the S-inch depth are shown in the graphs as curve 2. A 
minimum of 37° occurred at 7 a.m. on December 27 (fig. 32) two 
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hours after the miiiimmn air temperature, although a slightly lower 
temperature is shown on December 24 with a higher air minimum. 
The maximum of 96° was reached at 4 p.m. on June 15 (fig. 57) two 
hours after the air maximum. A range of 59° occurred at this depth 
from December 20 to June 20. This was slightly over 77 per cent as 
great as had occurred at the one-half inch depth during the same 
period. The lag in the soil temperatures as compared to the air 
temperatures is clearly shown at the time of the occurrence of the 
maximum and minimum for this soil depth. 

Soil Temperahwes nt 6-inch Depth for 1927 Period . — ^The mini- 
mum temperature of 41° was reached at the 6-ineh depth (curve 3) 
at 10 A.M. on December 27 (fig. 32) five hours after the minimum air 
temperature, w^hile the maximum of 91° occurred at 4 p.m. on June 15 
(fig. 57) or two hours after the maximum air temperature. The range 
in temperature during this period, December 20 to June 20, at the 
6-inch depth was 50° or about 85 per cent as great as had occurred at 
the 3-ineh depth in the same interval or 66 per cent of the range for 
the one-half inch depth. 

Soil Temperature Changes at 12-inch Depth for 1927 Period . — The 
temperatures obtained at the 12-inch depth are indicated by curve 4 
which shows a minimum of 42° on December 26 (fig. 32). The same 
temperature was also reached on December 27 (fig. 33). The maximum 
temperature for this depth was 84° at 10 p.m. on June 15 (fig. 57), 
eight hours after the maximum air temperature w^as reached. The 
range in temperature for this depth was 42° or approximately 55 
per cent as great as had occurred at the one-half inch depth during 
the same interval. The figures, 32-57, clearly show as do the preceding 
ones that there is in general a distinct rise and fall in the soil tem- 
peratures at the 12-inch depth. 

Soil Temperature CImnges at Si-inch Depth for 1927 Period . — 
The minimum temperature recorded for the 24-inch depth (curve 5) 
was 48° and occuri'ed at 11 a.m. on December 31 (fig. 33). This time 
was 102 hours after the minimum air temperature of 24° had been 
reached. The maximum of 79° at 10 a.m, on June 17 (fig. 57) was 
forty-four hours after the maximum air temperature of 105°. The 
range in temperature for this depth was 31° between the winter and 
June 20, or mid-summer. This range was only 41 per cent as great 
as had occurred at the one-half inch depth during the same period. 
In general, as previously shown, there is no marked rise and fall :in ,the 
daily soil' temperatures 'in "this area, at a, depth "Of 24 inehes,' this 
characteristic being confined to the surface 12 inches, ■ 
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Soil Temporatiire' CJumges at 36-incJi Depth for 1927 Period. — The 
temperatures reeox'ded for the 364nch depth are shown as curve 6 in 
the figures. The minimum for this depth was 52*^, oecurriiig at 12 
noon on December 31 (fig. 33) or 103 hours after the minimiini air 
temperature of 24® had occurred. The maximum of 76® wms reached 
on June 17 (fig. 57) or six hours after the maximum for the 24-inch 
depth. The range in temperature was 24° or slightly over 31 per cent 
as great as had occurred in the one-half inch section during the same 
periodj December 20 to June 20. 

The lag in temperatures between the 24-inch depth and the 36-inch 
depth are clearly indicated in the accompanying figures. 

Effect of Character of Sky, Rain, and Wind During 1927 Period . — 
From December 20 to April 18 there was some rainfall every week 
with the exception of the week beginning March 21 (fig. 45) . During 
this moist period the air temperature curves and the soil temperature 
curves 1, 2, and 3 which represented the one-half inch, 3-inch, and 
6-mch depths and all of which are in the upper portion of the figures 
(figs. 32-57), are very close together. There was no great rise and 
fall in temperatures such as was shown during the same part of the 
1925 period. The fact that the surface soil was moist for this length 
of time (December-April) combined with the large amount of cloud- 
iness reduced the temperature ranges in the surface soil. Later in 
the summer of 1927 there wms little rain, and the surface soil being 
drier, there was a noted change in the degree of spread of curves 1, 
2, 3, and the air temperature curve. The week of February 14 (fig. 
40) is outstanding for the similarity of the curves in the upper portion 
of the figure. Maximum temperatures for that week occurred on 
Friday when the sky was clear with a southwest wind. The week of 
May 23 (fig. 54) was clear except on Friday when a cloudy sky 
combined with rain oeeurred. On this day, the soil and air tempera- 
ture curves in the upper portion of the figure drop considerably but 
rise again the next day with clear weather. 

Clear days during the summer portion of the 1927 period with the 
atmosphere calm or with north winds result in increasing the soil 
temperatures in the surface soil. On the other hand, the opposite 
effect can be seen on clear days with southerly winds. 

As in the previoiis set of charts, during the winter months the 
north winds have a cooling effect while the southerly winds have a 
' warming effect on the soil' temperatures. Cloudy daysin winter have, a 
warming effect on soil temperatures- while' ■in^;summer' ' the ^ ^ is-, 

true.' ' ■ ' 
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■ The time of occurrence of the maximum and minimum soil temper- 
atures as compared to the air maximum and minimum varies with the 
season, character of the sky, etc.. As a general rule, the maxipi'iiiii 
and minimum temperatures at the one-half inch depth occur within 
one, hour after the air maximum or minimum. The lag for the other 
depths is approximately as follows ; 3-iiieh, 2 hours ; 6-iiich, 4 hours ; 
12-meh, 8 hours ; 24-inch, 70 hours ; and 36-ineh, 80 hours. 

The distribution of the rainfall during the 1925 and 1927 periods 
is here shown so that the climatic characteristics of the two periods 
may be indicated. These data vrere compiled from the United States 
Department of Agriculture, Weather Bureau climatological data for 
those years. 

TABLE 1 

Monthly Precipitation for 1925 Period with Bepartures prom the Normal, 

Bavis, California 


February 

March 

April 

May 

June 

July 

August 

September 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

4.28 

->-1.47 

3.10 

+0.69 

2.15 

M.06 

1.63 

-l-l.OO i 

! 

0.02! 

-0.12 

0 

1 

-0.01 

0.03 

+0.02 

0.10 

-0.23 


During the 1925 (February to September inclusive) period as 
shown in table 1 the total precipitation was 11.31 inches which was 
3.88 inches above normal. This is likely to create an erroneous 
application to the soil temperatures unless one notes the character of 
the rainfall. The first figure for the 1925 season is for the week 
of February 23 (fig. 1). There was no rainfall from February 23 
until March 28, as shown in figure 5, On March 31 (fig. 6) there was 


TABLE 2 

Monthly Precipitation for 1927 Period with Bepartures prom the Normal, 

Davis, California 


December 

January 

; February 

March 

April 

May 

June 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

Precipitation 

Departure 

o 

$ 

u 

’S 

£ 

.fL ; 

i a 

A ' 

<0 

:P 

d ■ 

1 

A 

1 ' 

. 

Departure 

0.58 

-2.82 „ 

2.18 

-1.69 

4.66: 

■+1.S5,' 

1.07 

-1.34 

2.48, 

■;+i.39 

0.31' 

,,,-0.32 

0.47 ' 

+0.33; 
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a recorded rainfall of 2.50 Indies which brought the rainfall for March 
to 0.69 above noriiiaL As the period of February 23 to March 28 was 
without rain, the soil temperature curves have distinct peaks and 
depressions. 

In like manner the precipitation data is shown for the second 
period starting with December 1926. 

During the 1927 period as shown in table 2 there was a total 
precipitation of 11.75 inches which was 2.60 inches below normal for 
the months of Deeemher-June inclusive. A study of the daily or 
weekly distribution of the rainfall of the figures for the 1927 period 
will show that up to the week of April 18 (fig. 49) the rainfall, 
although below normal except for February, was well distributed — 
frequent light rains. After April 15 in this period, to May 20 
(fig. 53) there was no recorded rainfall. It is clearly evident from 
the above that one must consider the daily or hourly distribution of 
the rain instead of the monthly amounts only, in order to note the 
effect of this climatic element on the soil temperatures. 
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Fig. 40. Week of February 14, 1927 Fig. 41. Week of February 21, 1927 Fig. 42. — ^Week of February 28, 1927. 

Soil and air temperatures and atmospheric conditions. Curve 1 shows soil temperature at one-half inch depth; ^ at 3; 

5 at 6; 4 at 12; 5 at 24; and 6 at 36-inch depths. 
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^oil and air temperatares and atmospherie eonditions. Curve 1 shows soil temperature at one-half inch depth; 

# at 6; 4 at 12; 5 at 24; and d’at 36-inch depths. 



Mg. 46. Week of March 28, 1927 Fig. 47, Week of April 4, 1927 Fig. 48. — ^Week of April 11, 1927, 

Soil and air temperatures and atmospheric conditions. Curve 1 shows soil temperature at one -half inch depth; S at 3; 

5 at 6; 4 at 12; at 24; and 6 at 36-inch depths. 
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Fig. 52. Week of May 9, 1927 Fig. 53. Week of May 16, 1927 Fig. 54.~-Week of May 23, 1927, 

Soil and air temperatures and atmospheric conditions. Curve 1 shows soil temperature at one-lialf inch depth ; 2 at 3 

5 at 6, • 4 at 12; S at 24; and 6 at 36-inch dex^tlis. 
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SUMMARY 

The moisture content of the surface 3 feet of loam was 20 psr 

cent, while the subsoil, o£ tine sandy loam, was 16-18 per cent, after 
a seasonal rainfall totaling about 3 inches which replenished the 
moisture lost by evaporation during the preceding season. The 
moisture equivalent of the loam is around 20, and for the fine sandy 
loam, it is 16. No crops were grown on this area after 1923 and the 
weeds were kept down by cultivating once a month. During the dry 
season, the moisture content of the surface 4 inches was reduced to 
approximately 5 per cent. The next depth, 4-8 inches, contained 
about 12 per cent, and the deeper layers of the loam contained less. 
In the last foot of soil, 66-72 inches, the moisture content was about 
15 per cent. The changing moisture content was due almost entirely 
to vapor movement. Where an nnperforated black paper mulch had 
been placed on the soil surface, the moisture content in the surface 
4 inches was about 20 per cent, while in the other depths below the 
surface 4-inch layer, the moisture content during the dry season was 
practically the same as in the cultivated area not covered with paper 
muleh. 

The temperature changes occurring at the one-half inch, 3, 6, 12, 
24 and 36-inch depths as well as the air temperature are shown for 
the period of February 23, 1925 to September 28, 1925 by bourly 
intervals. During these months many California crops are seeded 
and harvested and would be subjected to somewhat similar conditions 
of “soil climate."' 

The range in the air temperatures during the 1925 period was 86° 
while at a depth of one-half inch the soil temperature range was 114°. 
The range for the deeper soil areas was progressively smaller so that 
at the 364nch depth, it was the least, or 31°. 

The effect of the character of the sky, rainfall, and wind during 
the 1925 period are indicated in certain graphs more clearly than in 
others. The diurnal range is influenced by these climatic elements 
and during this period it was less than 2° at the 36-inch depth and 
up to 66° at the one-half inch depth. 

The temperature changes occurring at the one-half inch 3, 6, 12, 
24, and 36-iiich depths as well as the air temperatures are shown for 
a second period, December 20, 1926 to June 20, 1927 by hourly 
intervals. These conditions would be met in general by the winter- 
growing Galifornia crops seeded and harvested during this period. 
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Tlie range in air temperatures during the 1927 period was 81® 
while at a depth of one-half inch it was 76®. The lo'west air tempera- 
ture recorded was 24° while the lowest soil temperature at the one- 
half inch depth was 32° — or 8 degrees higher. The range for the 
deeper soil layers was progressively smaller so that at the 36-iiieh 
depth it was only 24" during this period. 

The effect of the character of the sky, rainfall, and iviiid during 
the 1927 period are well shown in the graphs. From December 20 to 
April 18, there wms some rainfall each -week with one exception. 
During this moist period the air temperature curve and soil tem- 
perature curves for the one-half inch, 3-ineh, and 6-iiieh depths coin- 
cide very closely. Cloudiness prevailed during most of this period so 
that the diurnal temperature range was very small for these depths. 

The time of the occurrence of the maximuiii and niiniiirain soil 
temperatures as compared to the maximum and mininiuiii air tem- 
peratures, or the lag, varies from less than one hour at the one-half 
inch depth to approximately eighty hours at the 36-meh depth. 

The effect of the daily distribution of the rainfall on the soil 
temperatures is very marked and during years wdien the iiioiitlily 
rainfall is recorded as being above normal, the soil temperatures 
during that month may show a very distinct rise and fall on aceoiiiit 
of the fact that the rainfall may have been eonfined to a very short 
period. 

'The various parts of plants growing in the field, such as the leaves, 
stems, and roots, are subjected to widely different temperature condi- 
tions. On July 17, 1925, the leaves and branches were in air heated 
to 116'^ ; the stem (unshaded) just below the ground surface was in 
soil having a temperature of 143° ; while the roots were in a medium 
with a temperature ' of 107° at the S-ineli depth to 84° at the 24-ineh 
depth. . . 

' The possible' xnfliienee of soil temperatures on the activity of, 
bacteria, fungi, available nitrogen, chemical reactions ■ taking place in 
soils, diffusion of the dissolved material through the roots and plant 
tissues and the rate of decomposition in soils is indicated by the 
seasonal temperature changes occurring at. various depths 'in soils. 
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ROOT DEVELOPMENT AND SOIL MOISTIJEE 

JOHN P. CONEAD* and P. J. VEIHMEYEEt 


INTRODUCTION 

The root development of plants and its nelation to the amoiiiit 
and availability of soil moisture have been the subject of much study 
and speculation. Observations in 'California have yielded results 
which diifer from coiielusions drawn from some' studies of similar 
nature elsewhere. Climatic conditions prevalent in California afford 
excellent opportunity for such study because the effective rainfall 
occurs almost entirely during the winter .months and because soil- 
inoistiire conditions during a 'Summer growing season are, in conse- 
quence, largely under control. 

Where the water table .is far from the surface, experiments ■ in 
California*^^^^' have shown that the capillary movement of moisture is 
too slow to meet the needs of growing plants. Naturally ' then, roots 
must extend into a body of soil to utilize its moisture. Under these 
conditions, 'furthermore, direct evaporation 'Causes material loss nf 
moisture from only shallow depths of the soil, and moisture -beloW' 8 
inches is lost by evaporatio.n at an' extremely .slow rate, while plant 
transpiration a'CCou,nt'S for the greater. part of the water loss below' this 
depth. 'It was, there.fore, suggested^^^^ that 'the results of soihmo'is-; 
ture determinations,' .if made, on. 'adequate samples properly timed, 
wmuld indicate, the preS'ence or absence of roots O'f ' plants ,;grow.'i'ng.' on' 
the, 'SOii .With soil previously wet, relatively dry soil,,l)el,ow the;sur,“,' 
fa'Ce. layer "would indicate the '.presence' of ,'ro,ots. TMs'paper presents 
some ''data in.sap'port of' this, suggestion. .' While it has to do with the 
development of the roots of grain-sorghum plants in relation to soil 
moisture, it is thought that the results obtained justify wider appli- 
cation. . . 


,*„„Asgistaat ' Agronomist in tlie Experiment Station, 
f Associate Irrigation Engineer in the Experiment Station. 
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SOIL MOISTURE DETERMINATIONS 

Beeaiise of variations in soil texture between the different samples, 
Briggs and McLane^"'^ and Alway, McDole, and TrixrnbiilB-^ have 
pointed out the need of expressing soil moisture as a ratio. The former 
investigators used the moisture equivalent, while the latter took the 
hygroscopic coefficient as the basis of comparison. Puri*^^^'^ has shown, 
however, that the hygroscopic coefficient cannot be determined satis- 
factorily, and Linford has further demonstrated that there cannot 
be equilibrium between relatively dry soil and saturated vapor, as 
many investigators have assumed. The hygroscopic coefficient, which 
has been considered an equilibrium point by some workers, is, there- 
fore, of doubtful value for use in evaluating the moisture content of 
soils. On the other hand, moisture-equivalent determinations, when 
made in accordance with an exact procedure, have proved to give 
reproducible results and may be used with confidence. For these 
reasons, the exclusive use of the moisture equivalent as a measure of 
the relative moisture retentiveness of soils strongly suggests itself. 

Sedimentary soils are generally stratified, with the different layers 
often varying widely in texture from one another. Sand, gravel, 
and other variations in soil texture may occur as isolated pockets in 
any one layer, making the soil still more variable. The surfaces between 
strata are, furthermore, often irregular. In samples taken under 
such conditions, the soil from one hole at a given depth may vary in 
texture from that secured from an adjacent hole. For these reasons, 
a moisture-equivalent determination has been made on each sample 
taken in this study. This is a very desirable procedure to follow in 
all field studies directly bearing on the relation of soil moisture to 
plant growth, and may be necessary for the proper interpretation of 
results when relatively few samples are taken. 

A typical case is illustrated in the results obtained in an intensive 
soil-moisture study at Davis, California. The soil of the particular area 
which was being investigated is Yolo silt loam. An intensive soil survey 
made according to standard practice had not indicated that this soil 
was exceptionally non-uniform to a depth of 6 feet. On January 17, 
1927, samples by one-foot increments to a depth of 9 feet were tal?:en 
with a specially designed soil tube^^®^ from 6 holes, five of which were 
located within a circle 12 inches in diameter, the sixth being at the 
center of the circle. The holes were, therefore, only about 4 inches 
apart, and were as close as possible to each other without interfering. 
Moisture determinations were made in the usual way, and moisture 
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equivalents were run on each sample by the procedure described in a 
citation previously mentionedd^^^ The ratio of the moisture content 
to the moisture equivalent of each sample was calculated and expressed, 
in percentage. For the sake of convenience, this ratio will be referred 
to as ‘relative wetness’; in the same way Alway, McDoIe, and 
Triinibulb^^ have suggested the term ‘relative moistness’ for the ratio 
of moisture content to the hygroscopic coefficient. The moisture 
percentage, moisture equivalent, and relative wetness of the samples 
are given in table 1. 

TABLE 1 


Moisture Contexts/* Moisture Equivalents, ant> E,elative Wetness op 
Samples op Silt Loam Soil Taken Within a Circle One, Foot in 
Diameter.. Distance Between Holes Aboitt 4 Inches. 

January 17, 1927, Davis, California 


Hole 


0-1 


2-3 


Depth of soil sampled, in feet 

3-4 I 4-5 I 5-6 I 6-7 | 7-8 


8-9 Mean 


Moisture Content 


1 

25.3 

23.6 

15.6 

11.0 1 

11.0 1 

9.3 

11.6 

13.7 

16.9 

15.3 

2 

25.9 

23.9 ! 

16.8 

11.2 

9.9 ! 

9.4 

11.7 

1 14.4 

16.4 

1 15.9 

3 

24.6 

23.2 

17.2 

12.0 

10,0 

9.0 

11.2 

15,2 

15.3 

1 15.3 

4 ! 

25.8 

23.8 

17.4 

11.3 

9.8 

9.1 

1 12.2 

15.1 

14.7 

15.6 

5 ; 

25.4 

23.3 

13,5 

10.9 

9.4 

9.0 

13.8 

13.1 

14.1 

! 14.4 

6 

25.6 

23.1 

19.5 

11.8 

10.4 

9.2 

11.8 

13.9 

15.9 

15.7 

Mean 

Standard devia- 

25.4 

23.5 

16.7 

11.4 

10.1 

9.2 

12.0 

14.2 

15.6 

16.3 

tion.. 

Coefficient of 

0.47 

0.33 

2.00 

0.44 

0.55 

0.02 

0.29 

0.83 

1.05 


variability.. 

1.9 

1.4 1 

12.0 

3.9 

5.4 

0.2 

2.4 

5.8 

6.9 ‘ 



Moisture Eouivalent 


1 

24.0 1 

22.6 

19.7 

18.5 ; 

18.4 

14.0 

16 7 

1 21.0 

24.3 

; 19,9 

2, 

24.5 

21.4 

18.6 

17.8 

15.4 

13.0 1 

15.8 

1 20,3 

22.4 

18.8 

3... 

23.6 

21.8 

18.2 

18.6 

14.7 

12.1 

17.2 

22.2 

20.2 

: 18.7 

4 

24.1 j 

23.0 

18.1 

16.9 

13.7 

11.6 

15.6 

i 22.6 

20.2 

^ 18.4 

5. 

23.6 

22.6 

14.9 

16.3 

12.5 

11.7 

17.8 

! 22.3 

18.7 

17.8 

6.. i 

24.1 

21.0 

21.0 

17.9 

16 2 

13.0 

16.5 

19.8 

20.6 

18.9 

Mean.,.,. 

Standard devia- 

24,0 

22.1 

18.4 

17.7 

15.1 

12.6 

16.6 

' 21.4 

21.1 

18.8 

tion 

Coefficient of 

0.34 

0.79 

2.06 

0.91 

2.04 

0.93 

0.83 

1.15 

1.98 


variability | 

1.4 

3.6 

11.2 

5.1 

12.7 

7.4 

5.0 

5.4 

9.4 



Relative Wetness 


1 

106 

104 

79 

60 

60 

66 

: 70 , 

65 

70 

76 

2 i 

106 

112 

' 90 ' , 

63 

64 

72 

74 

71 

73 

81 

3,.. i 

104 

106 

95 

64 

68 

74 

■ 65. ■ . j 

68 

76 

80 

4 

107 

104 

1 96 

67 

71 

78 

j '78 ' i 

67 

73 , ; 

,,,' 82 _ 

5......... 1 

108 

103 

[ ■ .91 

67 

,75 

77 

77 ,.! 

59 

.75 : 

, ''SI,,.,," 

6 ! 

106 

no 

93 

1 66 

64 

71 

71 

70 

77 . , 

,81:,-' 

Mean.. 1 

Standard devia- 

106 

106 

91 

64 

67 

73 

72 ' „ 

66 

74 ,■ 

80 

tion i 

Coefficient of 

1.3 

3.6 

5.8 

2.8 

,■',,5.4 ! 

4.4 

■ 4.9 ' 

..1 

,.4.3, 

2.5,.,' 


variability.,...,.,' 


3.4 

1 , ^ , 9.4: 

4.4 

'8.1 

6.0 

6.8! 

','"\6..4,' 

3,4 



* Moisture contents and moisture equivalents are percentages on a dry-weight hasis. Relative wetne^sa 
is the ratio of .moisture content to moisture equivalent expressed as percentage. 
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The variations in moisture equivalents are espeeially important, 
for tliej^ reflect the variations in soil texture at the same depth. These 
samples were only a few inches apart. In fact, they were as close as 
it would be convenient to take them to the depth indicated. With a 
greater distance between holes, a g‘reater difference in soil texture 
might he expected. While the moisture content of the soil in the 
depts 0 to 1, 1 to 2, and 5 to 6 feet in the 6 holes did not vary any 
more than might he expected, the variations in the other depths are 
surprisingly great when the closeness of sampling is considered. It 
has been shown that the moisture equivalent of the 

soils of the Yolo series at Davis is a fair measure of the maximum 
field capacity of these soils. Although the difficulties in determining 
the moisture contents and moisture equivalents make it seem probable 
that sneh work may sometimes involve a percentage of error of as 
much as 10, in the ratios of moisture content to moisture equivalent 
the soil within the 1-foot circle tested was obviously wet to not quite 
3 feet in depth. The soil was sampled the day after heavy rains had 
ceased. The figure 79 for the relative wetness in the third foot of hole 
1 (table 1) would indicate that the rain had not penetrated so deeply 
there as in the rest of the area. 

A procedure, sometimes used in soil-moisture field studies bearing 
on plant growth involves the determination of moisture equivalents on 
but a very small proportion of the samples taken. Prom experience 
gained in this and other studies, the writers feel that in soil that is 
not unusually uniform, such a procedure may lead to erroneous con- 
clusions unless the differences due to variation in texture can be 
minimized by taking a considerable number of samples for each 
condition investigated. 


S6IL-M0I8TUEB CONDITIONS '■ AFTER MATURITY - 
OP GRAIN SORGHUM 

The methods of sampling and expressing the resulte as outlined 
above were used in a field study of the relation of soil moisture to root 
development. Several strips of White Yolo, a grain sorghum, were 
planted during the first week in May, 1923, across a field which had 
been clean-cultivated the previous season, leaving strips of unplanted 
land. Because of the absence of competition on one side, the outside 
row next to the unplanted, clean-cultivated land grew much better 
than the inside rows. Soil smnples^ w taken with the soil tube 
previously mentioned, on September 18 and 19, 1923, in one-foot 
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increments to a total depth of 6 feet. Thirteen holes were made, each 
approximately one foot apart, beginning at the second row of sorghnni 
from the edge of the nnplanted land, and continuing across the first 
row and 8 feet into the nnplanted land on a line at right angles to the 
row. Moisture determinations were made on these samples in the 
usual way, and moisture equivalents were run in duplicate on each of 
the oven-dried samples. The mean of the two moisture-equivalent 
determinations was used to calculate the relative wetness of each 
sample. 


/^/ to the right 

3 ^ s 6 


aA 

3.3 

6.0 

7.1 

7.6 

7.6 

7.1 

7.3 

9Jt 

3.6 

10.6 

(1.2 

12.0 

3.9 


6.3 

90 

9.4- 

9.4. 

9.3 

9.9 

/0.f 

ft.3 

(3.2 

14.0 

i4A 

9.0 

39 

9.0 

9.7 

9.7 

9.3 

9.5 

m 

//.2 

H.6 

f3.( 

14.9 

13.6 

9Z 

at 

90 

jai 

3.6 

9.1 

9J 

96 

/a/ 

fe.3 

(4.5 

1 

16.6 

/4.A 

e.i 

35 

7.6 

72 

7.9 

30 

i 

7.4 1 

do 

7.6 

30 

95 

10.0 

13.5 

37 

39 

5.a 

6.0 

7.5 

30 * 

1 

6.a . 

7.2 

7.7 

9.2 

9.0 

9.5 

9.0 


"I 

< 1 . 


Fig. 1. Moisture contents of soil after sorghum plants have matured. The 
soil to the right of plant rows was kept free of all vegetation. 


Figure 1 shows the percentages of moisture found. These, and all 
other moisture data presented in this paper, are calculated on the 
basis of weight of oven-dried soil. The moisture percentages, alone, 
convey no accurate idea as to which portions of the soil mass were 
wet and which were dry. With their respective moisture equivalents, 
however, these figures gain interest. There is close agreement between 
the moisture content corresponding to the moisture equivalent and the 
maximum field capacity of the Yolo soils at Davis; and indeed the 
work of A1 way and McDole,^^^ and Burr and RusselB^^ indicates that 
this agreement is also fairly close in other localities. The moisture 
equivalents of the samples obtained in this test may therefore be taken 
to represent the amount of moisture in the soil after the last rain in 
the spring and after downward movement had practically ceased. 
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Figure 2 gives the relative wetness of the respective sanaples of 
figure 1, which may be taken to x'epresent the percentage of the initial 
moisture remaining after the sorghum plants had matured. The 
plants at this time were not permanently wilted. It is interesting to 
note that 54 per cent represents the theoretical wilting coefficient as 
suggested by Briggs and Shantz^^^ when the moisture equivalent is 
used as the indirect measure of the wilting coefficient. Although it 
has been found^^®^ recently that a common factor to calculate the 



Fig. 2. Moisture conditions of soil after sorghum plants have matured. The 
irregular curved lines join points of equal relative wetness (moisture content -4- 
moisture equivalent X 100) . 


amount of residual moisture in the soil at the beginning of permanent 
wilting cannot be used for all soils, the soils of the Yolo series at 
Davis were found to agree fairly closely with the accepted Briggs and 
Sliantz ratio. While the different Davis soils tested did not agree 
exactly with each other, the ratio of the residual moisture at perinauent 
wilting to the moisture equivalent averaged about 50 per cent. 

The irregular curved lines across the chart in figure 2 were drawn 
just as contour lines are made on topographical maps, by eonnecting 
points of equal relative wetness, starting with the 40 per cent and 
continuing with 10 per cent intervals, as indicated in the figure. These 
lines have not been smoothed out, but show all of the errors inherent 
in the methods and assumptions used. As has been stated before, a 
percentage error of 10 in the relative wetness may sometimes occur. 
If these curves were smoothed out into an ideal case, they might be 
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represented by a series of concentric arcs extending* out from the last 
row into the unplanted area. The center of these arcs would be the 
crown of the plant. Of course, this ideal situation is modified by the 
drying out of the siuface soil by direct evaporation, which tends to 
flatten the curves as they approach the surface. The curves of 60, 70, 
80, 90, and 100 per cent undoubtedly would have swung under the 
crown of the plant if samples had been taken to a sufficient depth. 


SOIL-MOISTUEE CONDITIONS AND BOOT DISTEIBUTION 

A second test, similar to that described above, was made at Davis 
on a piece of unirrigated land which had been cleanly cultivated 
during 1924. The soil was heavier in texture than that first used and 
is classed as Yolo clay loam. During the winter of 1924 and 1925, 
the land was plowed, and in the spring it was worked into a seed bed 
by shallow surface cultivations. On April 24, 1925, a single row 
100 feet long of Double Dwarf milo, a grain sorghum, was seeded on 
a plot of ground that was kept free from weeds. Throughout the 
growing season of 1925, the adjacent land also was kept free from 
weed growth by cultivation and hoeing. The row of sorghum plants 
under observation paralleled on one side a single row or another 
variety, which was 29 feet distant. On the other side there was a pas- 
ture 36 feet away. 

During the second week of October, 1925, a trench was dug to a 
depth of about 10 feet across the row of sorghum plants at right 
angles, and was extended 8 feet on one side of the row and 15 feet on 
the other side. A system of coordinates was marked off on the face of 
the trench, and samples were taken at the places indicated in table 2. 
The samples were obtained by driving a steel tube 1-13/16 inches in 
diameter, into the face of the trench. The soil sampling started on 
October 20, 1925, a few days after the trench was dug. The soil in the 
face of this trench had, therefore, dried out to some extent before 
the samples could be obtained. In order to avoid errors that might 
have resulted from this surface drying, the first 4 inches of soil from 
each hole was discarded, and the soil from the next 4 or 5 inches in 
each hole was taken for the samples for moisture determinations. 

These samples were placed in weighing cans and moisture determi- 
nations made in the usual manner. After the soil had been oven- 
dried and Aveighed a 30-gram sample for a moisture-equivalent deter- 
mination was taken from each can. All roots were removed from the 
moisture-equivalent sample by sieving and returned to the original 
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■0,50 is used to indicate tliat the sample contained less than 0.50 milligrams of roots to 100 grams of soil. 
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samples. Then roots which were visible to the unaided eye were 
removed as completely as possible from all of the samples. The larger 
roots were picked out with forceps, and the soil was washed through 
sieves of decreasing sizes, the roots which remained on the sieves 
being removed with a small brush, and adhering soil particles being 
separated. As all of the work of removal of the roots was done by one 
operator, the same care was given to each sample. 

The results of the samplings are given in table 2 and in figure 3, 
which also shows the lines of equal relative wetness, as well as those 
indicating the distribution of the roots. The lines of relative wetness 
and the lines connecting points having the same amount of roots to 
100 grams of soil were drawn in the same manner as the relative 
wetness lines in figure 2. 


TABLE 3 


Eainpall, in Inches, at Daws, Cauipoenia 


Year 

Jan, 

Feb. 

Mar, 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov, 

Dec. 

Total 

1922 

2.29 

5.85 

1.47 

0.40 

0.40 

0 

0 

0 

0 

1.56 

3.29 

7.37 

22.63 

1923 

2.62 

0,70 

0 

2.22 

0.10 

0 

0 

0 

0.35 

0.40 

0.53 

0,88 

7.80 

1924 

2.46 

2.76 

1.18 

0.38 

0.05 

0 

0 

0 

0 

2.05 

1.42 

3.56 

13.85 

1925 

1.05 

4,28 

3.10 

2.35 

1.63 

0.02 

0 

0,03 

0.10 

0.10 

1.71 

1,29 

1 15.46 


The rainfall at Davis during 1922, 1923, 1924, and 1925, is given 
in table 3. From September 1, 1923, to September 1, 1924, 8.99 inches 
of rain fell, while the rainfall from September 1, 1924, to April 24, 
1925 (the date the sorghum was planted) was 17.60 inches. There 
was only 1.67 inches of rain during the time the plants were growing. 
As the plot of ground used in this test was kept clean of all vegetation 
during 1924, a large portion of this rainfall was probaly retained in 
the soil. The soil was thus doubtless wet to a depth of at least 7 feet 
at the time the row of sorghum was seeded. Although no record is 
available of the moisture condition of the soil at this time, experience 
with the soils at this station shows that in years of normal rain- 
fall the soil is wet to a depth of at least 7 feet at the end of the rainy 
season; it is therefore safe to assume that below the surface mulch, 
the relative wetness of the soil to a depth of 7 feet was about 100, The 
results given in table 2 and %ure 3 may be taken to indicate the 
percentage of the amount of the initial water (present in the soil when 
the plants were seeded) which remained after they' had matured. The 
moisture equivalents given in table 2 indicate that the soil in the plot 
used in this test was much more uniform in texture than that in the 
area first tested. 
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Some of tlie samples contained such a small amount of roots that 
no attempt was made to segregate them, and the amount of roots to 
100 grams of soil was assumed to be less than 0.50 milligrams. Figure 
3 shows that the soil to a depth of 6 inches was relatively dry even at 
considerable distance from the row of sorghum plants. This drying 
out was probably due to evaporation of moisture directly from the 
surface of the soil. Therefore, in working out the correlation between 
the percentages for relative wetness and milligrams of roots to lOO 
grams of soil, the samples from the 0.5 foot depth of soil were not 
used; and those from which the roots were not removed, because of 
the small amount contained in them, were listed as having less than 
0.50 milligrams to 100 grams of soil. With these assumptions, the 
correlation between the figures for relative wetness and weight of 
roots to unit weight of soil was found to be r = — 0.582 zt 0.040. This 
coefScient of correlation, with its relatively small probable error, 
may be considered to be decidedly significant. 

Figure 3 illustrates further the relation of distribution of roots to 
the relative wetness of the soil. It will be seen that a large majority 
of the roots are enclosed within the line representing the location of 
relative wetness of 60 per cent. The line which joins points having 
one milligram of roots to 100 grams of soil is, in fact, the only one 
which has its greater portion without the line of 60 per cent relative 
wetness. As has been mentioned before, tests on these Yolo soils at 
Davis show that the residual moisture at permanent wilting is about 
50 per cent of the moisture equivalent. The bulk of the roots is there- 
fore in soil which has been reduced to about the wilting coefficient. 

It must be remembered that only weights of roots were obtained in 
this experiment. Of course, root hairs, a portion of the roots consti- 
tuting a part of the actual absorbing surface, could not be seen or 
measured by the methods employed. It is assumed, however, that 
thei'e is close relation between weight and absorbing surface. 

DISCUSSION 

Previous investigations^^^^^^®^ at this station have shown that the 
loss of moisture by direct evaporation from the surface of the soil is 
practically confined to shallow depths of soil, and that losses from 
deeper layers ( aside from percolation when excessive amounts of 
water are applied) are due to transpiration from plants growing on 
the soil. There is, furthermore, abundant evidence^^^^^^^^^^®^^^®^^^^ 
capillary movement of moisture from moist soil to drier soil, especially 
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when the soil is not in contact "with a free water surface, is too limited 
in extent and in rate to be effective for use by the roots of plants ; and 
it appears ver}^ probable that capillarity cannot be counted on to 
move moisture appreciable distances from moist soil into soil that has 
been dried by root extraction. 

It is, therefore, evident that an additional moisture supply can be 
obtained only by the elongation of the absorbing portion of the roots 
into new moist soil, unless the moisture be returned to the dry soil by 
rain or irrigation. The shape of the relative wetness lines in figures 
2 and 3 indicates that this elongation process took place under the 
sorghum plants studied. Apparently, the moistiire was removed in 
successive zones. The drying out of the soil below the surface layer 
which was affected by direct evaporation could be accounted for only 
by the presence of roots; and, indeed, the data presented in this 
paper clearly indicate this explanation to be correct. The negative 
correlation between the relative wetness of the soil and the density of 
roots shows that the soil was dried because of the presence of roots. 
It is apparent, then, that the results of soil sampling, made in the 
manner described in this paper, may be used to indicate the distribu- 
tion of roots of plants. 

Moisture studies^^®^ made in small containers show that plants will 
permanently wilt as soon as the moisture reaches a certain pei'centage, 
which is roughly 50 per cent of the moisture equivalent in soils at 
Davis. If a portion of the root system is partly in dry soilj and 
partly in wet soil, the needs of the plants might be adequately met by 
absorption from the moist soil. A situation of this kind is illustrated 
in figure 3. Here part of the root system is in dry soil and part in 
moist soil. In October the transpiration requirements of the plants 
were being adequately met by these conditions, although the greater 
amount , of the, root system was in dry soil, '■ At this, station it has, 
been observed sometimes that plants were not showing evidence of 
lack of water wh the upper few feet of soil (which presumably 
eqntained the greater portion of the roots) was dry, if the lower layers 
of soil (in which the ends of the roots were located) were moist. There 
is no reason to assume that because the greater amount of roots or of 
absorbing surface may be in the top layers of soil, absorption by the 

tA remarkable constancy of the residual moisture content for a given soil 
when permanent wilting is attained has been observed, There appears to be 
a rather narrow^ range of soil-moisture percentage, below which plants cannot obtain 
moisture rapidly enough to permit them to function properly, but above which 
transpiration needs of the plant seem to be satisfied adequately. In this discus- 
sion, soil containing a percentage of moisture below this range is called dry soil, 
and soil with a moisture content above this range is called moist or wet soil. 
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smaller amount of roots in the deeper moist layers cannot be sufficient, 
especially under low evaporation conditions, to satisfy the needs of 
plants when the top layers become dry. 

The question arises as to whether roots may elongate into dry soil 
when they are supplied with moisture from roots of the same plant in 
moist soil. Shantz/^^^ says of the trees of the African grasslands; 

These drought-resistant plants also have the ability to push their 
roots into a dry soil, and in this way be prepared rapidly to absorb 
soil moisture when it comes . . . but ordinarj^ field crops have no 
such ability.’^ In this connection may be mentioned Livingston ’s^^^ 
studies at Tucson, Arizona, with desert plants, which showed that the 
roots of seedlings elongated directly downward so rapidly as to make 
it appear possible for them to reach a permanent and adequate water 
supply before the soil, wet thoroughly by the frequent showers of the 
rainy season, can produce injury through conditions of drought. The 
deeper soil layers of the typical locality studied by Livingston were 
found to contain at the end of the dry season (and, it was assumed, at 
all times) a water content adequate to the needs of those desert plants 
which are active throughout the months of drought. On the other 
hand, there is no evidence in Livingston’s report to show that the 
roots of these plants had the ability to traverse dry soils, a condition 
which he doubtless would have observed. 

With agricultural plants, there seems to be no experimental 
evidence that roots will be forced through dry soils. While Auchter ’s^^^ 
evidence concerning the cross transfer of water in the plant was 
not conclusive, it did suggest that water may move through or 
around the plant without much difficulty. According to Auehter’s 
statement his evidence strongly suggests that the foods manufactured 
on one side of a plant are used and stored mainly in that side, or are 
translocated to the roots beneath, and that mineral nutrients absorbed 
by the roots on one side of a plant are translocated to and used by the 
trunk, limbs, and leaves directly above them. The ready cross transfer 
of water from roots in moist soil to roots in dry would serve to keep 
the latter turgid, but unless elaborated foods and mineral nutrients 
were also carried to them or derived from a previously stored supply, 
elongation would soon cease. 

Taking as a basis the assumption that elongation of the roots of 
agricultural plants at least will not take place in dry soil, the 
writers give the following hypothetical case, which they believe would 
be about as extreme as would normally be found under actual farming 
conditions. When a plant has exhausted the available moisture from 



128 


Silgardia 


[VoL 4, No. 4 


most of the soil permeated by i'oots, if frequent light irrigations or 
rains keep the upper layers of soil moist, leaving the layers below 
dry, elongation, if it occurs at all, will take place in the moistened top 
soil. This should result in an increase in the weight of roots in the 
upper soil over that in the lower. But it does not necessarily follow 
that if the whole soil mass is wet again, and the top layers dry mit by 
root absorption, the absorptive area in the lower levels will be insuf- 
ficient to support the needs of the plants. 

Some studies hearing on this question have been made by Beckett 
and Huberty,^‘^^ under conditions probably not so extreme as that 
postulated above, but nevertheless with marked variations in irriga- 
tion practice and consequently of soil-moisture conditions. Conse- 
quently the following description of the experiments talven from their 
report is given in some detail. At Davis certain plots of alfalfa of 
about 0.7 of an acre in area, which were planted in 1921, were irrigated 
for a period of five years, 1921 to 1925, with a total seasonal depth of 
30 inches on each plot, but with the number of irrigations varying 
from 2 to 12. The distribution of frequencies of application and the 
depths were as follows: twelve 2 y 2 -inch; eight 3%-inch; six 5-ineh; 
four 7y2-inch; three 10-inch; and two 15-inch. At Delhi, plots of 
alfalfa of 1.07 acres were planted in 1921, and all received identical 
irrigations during that year. During 1922, 1923, 1924, and 1925, 
each plot received varying amounts of water and different frequencies 
of applications as follows: six 8-inch irrigations from 1922 to 1925; 
six 6-ineh irrigations, 1922 to 1925; three 4-ineh irrigations, 1922 to 
1924, and six 6-inch irrigations during 1925; twelve 3-inch irriga- 
tions, 1922 to 1924, and four 6-inch irrigations during 1925. 

The soil at Davis on which the plots were located is a Yolo fine 
sandy loam with an averag*e maximum field capacity of from 20 to 22 
per cent. The depth to the ground water level was greater than 14 
feet throughout the five years of the experiment. The plots at Delhi 
were on Oakley fine sand which has a maximum field capacity of about 
6 per cent at the surface, and 10 per cent and 12 per cent at the 
lower depths, A hardpan layer practically impervious to water, 10 
to 12 inches in thickness, underlies the area at depths of 6 to 9 feet. 
The water table under the Delhi plots was always more than 25 feet 
from the surface during the period of observation, 

Beckett and Huberty separated the roots from the soil in 64^^ 
layers, weighed them, and recorded their distribution to a depth of 
6 feet. They concluded that *‘when the winter rainfall was sufficient 
to moisten the soil to a depth of at least 6 feet, and where the depth to 
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the underground water table was more than 15 feet, variation in depth 
of application or in frequency of irrigation did not affect the root 
distribution of the alfalfa.^’ Furthermore, these investigators also 
found that ^'variations in number of irrigations, providing the same 
seasonal total was applied, did not materially affect the yields/^ 

While Beckett and Huberty do not report soil-moisture contents, 
undoubtedly the upper layers of soil in the plots which received the 
more frequent applications had greater amounts of available water, 
for longer periods during the growing season, than those of the plots 
which were less frequently irrigated. The quantitative measurements 
of roots in 6 feet of soil, nevertheless, clearly show that their distribu- 
tion in this depth of soil was not materially affected. It must be 
remembered that the soil in these plots was w'et by rainfall to the full 
depth of 6 feet at the beginning of each season. 

Weaver*^®^^^^^^^^^^^^^ and his co-workers have, however, reached 
different conclusions. They are of the opinion that changes in lateral 
spread of roots, depth of penetration, or output of branches are 
correlated in nearly every instance with changes in water content of 
the soil. These investigators further believe that by the application 
of more or less water, the root system may be varied, and yields will 
be affected. 

Since it has been shown that drying of the soil below the surf ace 
layer is the result of root activity, and that dry soils must, then, 
necessarily mean the presence of roots, we believe that if the soil is 
wet to the full depth to which roots of the particular plant in question 
I would normally go at the beginning of the growing season, then 
I subsequent applications of water during the summer can have little 
influence on the extent of the distribution of the roots. 

It is reasonable to assume that if soils are wet only to a certain 
depth, either by rainfall or by irrigation, and if the soil below this 
depth contains less moisture than that at which plants become per- 
manently wilted, the roots will be confined within the moistened area. 
On the other hand, as far as the writers are aware, no experiments 
have shown that plants which normally are deep rooted can be made 
to keep their roots in the upper layers of soil, if those at lower depths 
have an available supply and if no other adverse conditions for root 
development are present in the lower strata. In other words, the 
progressive enlargement of the absorbing surface of the roots will 
cause thena to elongate into the new moist layers, even though the 
region at present occupied by roots contains readily available water. 
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A number of references mi^ht be cited in wliich the effect of 
different soil-moisture conditions on the ratio of tops to roots of 
different plants has been studied. Most of this work has been with 
plants in containers, but in all cases, as has been previoiisly^^‘^^^'^®^ 
pointed out, serious objection can be raised to the conclusions drawn 
from studies on the water relations of plants, because of the inability 
to brings about or to maintain the predetermined moisture contents in 
the soil which the operators had presumed were maintained. 

Studies on the water relations of deciduous fruit trees conducted 
at this station^^^^^^^^ have shown that apparently among’ the soils 
tested a moist soil has no optimum moisture content at which the 
trees grew best or at which the use of water was affected. Optimum 
moisture conditions for growth may therefore be taken to cover a 
range of soil moisture from the maximum field capacity to about the 
j wilting coefficient. By analogy it might be reasoned that optimum, 
i conditions for root growth are covered within the same range as that 
: found for the portion of the plant above ground, especially if a direct 
proportionality exists between top and roots. 

It is certain that adverse conditions* for root growth may be brought 
about by extreme variations in moisture conditions. Temperature and 
oxygen supply have been studied most in this connection. In the 
greater part of the work dealing with this subject, it is extremely 
difficult to gain an idea of the relative wetness of the soil under test, 
because there has been no uniformity in the manner of stating the 
soil-moisture conditions, and because no information is generally given 
to enable one to reduce the data to an understandable basis. There 
appears, however, to be in the literature .on the subject of soil moisture 
and oxygen relations no conclusive evidence that favorable oxygen 
conditions for the growth of roots of agricultural plants would not be 
satisfied within the range of moisture contents from the moisture 
equivalent to about the wilting eoelBeient. The same statement may be 
made with regard to temperature conditions. Exceptionally frequent 
applications of water might, of course, result in filling the pore space 
of the soil for so long a time that unfavorable conditions for root 
growth would be established. The approximate equality of moisture 
equivalent to the maximum field capacity holds only for soils of fairly 
uniform texture throughout the depth considered. A decided change 
in texture (for instance, as Alway and McDole^^^ have shown, a loam 
or clay above a sand) may result in the establishment, for some time 
after rain or irrigation, of a moisture content considerably higher 
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than the moisture equivalent in the same zone just above the coarse 
soil. This moisture content may sometimes be too great to permit root 
growth. 

The curves in figure 3 and part of figure 2 suggest the probable 
history of the use of soil moisture by a single isolated row of sorghum. 
At the time of planting, we may assume that the soil to a depth of at 
least 6 feet was wet to the maximum field capacity, except that part 
composing the surface mulch. The developing seedlings send their 
roots into the soil, absorbing moisture as they go. Possibly because 
the roots near the crown are usually more abundant and have been 
in contact wdth the soil there for a longer time, more moisture has 
been absorbed from this region of the soil. The roots of the plants 
extending into the unplanted soil find no competition from roots 
coming from the opposite direction, as they would between adjacent 
rows in a normally planted field; in consequence, the moisture is 
absorbed progressively. 

If, at some time during the growing season, the points of equal 
relative wetness in the soil, say 50 per cent, be joined, they will 
approximate part of the surface of a cylinder whose central axis 
would ideally (except for surface evaporation) coincide with the line 
of the border row. If a surface of relative wetness of 60 per cent 
were formed, it would be farther from the crowns of the plants, and 
roughly concentric to the other surface of 50 per cent; the same 
condition holds for surfaces of higher relative wetness. As growth 
takes place, more and more soil moisture is absorbed ; and under 
conditions w^hen there is usually a negligible amount of precipitation 
during the summer, this absoi'ption will result in the gradual enlarg- 
ing of all cylindrical surfaces of equal relative wetness. This process 
would be continued until the plants were matured or until the roots 
used up all of the readily available moisture in the depth of the soil 
possible of exploration by the roots of the plants growing there. 

SUMMARY. AND CONCLUSIONS 

In all studies on the water relations of plants in which soil 
moisture is involved, much greater care should be given to the manner 
of taking the samples and to the interpretation of the results. The 
use of the moisture equivalent for the reduction of moisture contents 
to a common basis is suggested. Variations in soil texture that are 
not interpreted by moisture equivalents or by any other of the 
so-called soil-moisture constants may be great enough to make the 
results unreliable unless many samples are taken for each condition 
investigated. 
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The, data in this paper indicate that moisture under rows of grain- 
sorgliuin plants is apparently extracted in successive zones and the 
extraction is progressive whenever no material additions of moisture 
occur during the growing season. 

The percentages for relative wetness expressed as ratios of soil- 
moisture contents to their respective moisture equivalents, may be 
used to indicate the development of roots, and the results of adequate 
moisture samples, taken at proper times, indicate with a fair degree of 
accuracy the presence or absence of roots of plants growing on the 
soil tested, 

A correlation has been shown to exist under the conditions of this 
study between the amount of roots and the extent to which the soil 
has been dried by root activity. The writers reason that if the soil 
is wet at the beginning of the growing season to the full depth to 
which roots of plants would normally penetrate, subsequent additions 
of water by rain or irrigation, unless adverse conditions for growth 
are brought about thereby, can have but little influence on the extent 
of the root system developed. 
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THE MEDULLATED WOOL FIBEE 

J. F. WILSOiN^* 


CLASSIFICATION OP HAIR MEDULLAE 

Tile classification of the various types of mediillae found amono^ 
all types of hairs lias been described by Haiisman.'^' Medulla types 
of infra-honiinid hairs are shown as (a) absent; (b) discontinuous, in 
which the medullary substance is displayed at fairly regular intervals 
throughout the length of the shaft; (c) intermediate, in which the 
medullary cells are found so closely contiguous as to present a medulla 
unbroken but uneven in contour; (d) continuous, in which the cells 
of the central lumen are apparently completely anastomosed or so 
closely packed as to give a regular tubular ai^pearance to the fiber; 
and (e) fragmental, in which the medulla is found only as an occa- 
sional fragment at irregular intervals. Medulla types of human head 
hairs are classified as (a) absent; (b) fractional, which is seemingly 
almost identicat with the fraginental type among mfra-hominid hairs; 
(c) broken, in which the medulla may be heavy but does not form a 
continuous canal; and (d) continuous. Hausman has shown that 
among the infra-hoininid hairs the greatest hair-shaft diameters were 
found in those carrying the fragmental niedullae, while in human 
head hair, the largest were associated with presence of the continiions 
medulla. ' ' 

The writer examination of medullated ■wool fibers from several 
breeds of sheep, but largely from the Lincoln and Romney, indicates 
that the medulla types found in wool follow more closely Hausman 
classification for human head hair than that for infra-hominid hair, 
the coarsest fibers being associated with the continuous rather than 
with the fragmental medulla. 

Assistant Pi'ofessor of Animal Husbandry and Associate Animal Husbandnaan 
in the Experiment Station. 
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Blyth^-'* also classifies the mediillae as continuous or discontinuous, 
depending' upon whether or not the medulla persists throughout the 
length of the fiber or is interrupted at fairty long intervals. Fine 
inedullae, much and irregularly interrupted, are called fragnientary, 
while those having a width of less than half that of the entire fiber 
shaft are termed rod-medullae. Practically all of the medulla types 
found by the writer among improved wools from the Lincoln and 
Eomney breeds fall into the 'rod^ classification. 

The medulla in the wool fiber may be present to any degree between 
The fragmental and continuous classifications, along the entire length 
of the fiber, or along a portion of it only. The medullation may be 
at the proximal or distal extremities or at any point between them, 
although if present, it is usually found in the distal portion. Various 
types of medullae are often found in a single fiber. Occasionally a 
double medulla is to be observed (figs. 1, 2, 3). 


DEFINITION OF MEDULLATED WOOL FIBER 

The literature discloses the need for making some differentiation 
between the medullated wool fiber and Ovemp^ or dcemps.^ Bliss''^' 
points out that perhaps sufficient distinction is not drawn between 
true, short kemp and kempy or medullated wool. 

The present paper makes no attempt to deal with true kemp as a 
medullated fiber, but is concerned rather with the intermediate type — 
the medullated wool fiber. The difference between the two kinds 
should be sharply defined, for kemp, in addition to being composed 
largely of the medulla, which is surrounded only by a thin wall of 
cortical and euticular material, is usually shed in the fleece, whereas 
the medullated wool fiber is not. Kemp also has practically no tensile 
strength, is brittle and non-elastic, and presents a dead-white, opaque 
appearance. These characteristics are in sharp contrast to those of the 
medullated wool fiber. 


THB' SIGNIPICANCE OP THE MEDULLATED FIBER' 

Matthews^^^ describes the wool fiber as consisting of ‘^several dis- 
tinct portions : [including] (a) a cellular marrow, or medulla, which 
frequently contains more or less pigment matter . . . U’ He presents 
illustrations showing ‘'wool fibers deficient in mednllary cells," ' 
although he states in the text that the medulla is very frequently 
absent. 
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Woolman and McGowan^®^ speak of tlie medulla as if it were a 
normal constituent of the wool fiber and describe it as composed of 
cells, generally rounded in form. ' ‘ The medullary canal may be broad 
and plainly visible ; it may appear as a continuous or broken line, or 
it may not be seen at all in some fine, transparent wools. Granular 
fragments and often pigment matter may appear in the contents. Hair 
fibers commonly show the medulla, wool fibers often do not/^ 


Fig. 1. Types of medullae found in wool (X 90). A, absent j fragmental; 
Cf fragmental; I>, broken. 


Hawkesworth^®^ considers absence of the medulla a defect, and 
states that inspection of the wool fiber reveals a central, or mednllary 
part resembling marrow. To quote, “ It has been notice that in some 
fibers the central cells are wanting, and the fibers are, therefore, not 
perfect, which has much to do with many of the malformations we 
see in wool.’’ 
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Bowman^'^ intimates that the medulla is perhaps a mark of differ- 
entiation between hair and wool and says that a wool fiber differs from 
a hair in having mneh less frequently a development of the central 
cells. The fallacy of differentiating between wool and hair on the 
basis of the presence or absence of the medulla is forcibly brought out 
by Lewis and Stohr/®^ who state that in man a medulla is lacking in 
many hairs, and that when present, in the thicker hairs, it does not 
extend their whole length. 

Microscopic examination by the present writer of human head 
hairs, in balsam mounts, reveals that the medulla is often absent even 
in very coarse hair. Work at the California station indicates that in 
well-bred sheep of some of the long-wool breeds which are most subject 
to medullated fiber, the medulla is more often absent than present, 
although a great variation exists among individual animals within 
breeds. 

Manufacturers of wool goods in England apparently have views at 
complete variance with those of Hawkesworth,^®^ and consider the 
medulla a serious defect. The matter was first brought to the atten- 
tion of Romney sheep bi'eeders in New Zealand by F. A. Aykroyd, a 
prominent English manufacturer, who suggested that New Zealand 
'cross-bredsV (wools of the medium and coarser grades not produced 
by the Merino) were deteriorating and at present left much to be 
desired from the manufacturer's viewpoint.t The criticism attracted 
the attention of breeders and elicited both favorable and unfavorable 
comment. In one of the trade journals^®^ a correspondent says in 
agreement with the criticism, . . . I have frequently pointed out the 
absurdity of allowing sheep to live when they produce a mongrel fiber — • 
a fiber that shows normal features for one-third of its growth from 
the base, while from that point to the tip of the staple, the fiber is 
only tubular.” Answering a specific question piit by the writer, 
Aldred P. Barker, Professor of Textile Industries in the University 
of Leeds, England, replied, '‘Medullation is considered to indicate a 
hair and consequently is anathema to the British manuf aetiirer. ” 

That the presence of the medulla affects the dyeing properties of 
wool has been indicated by King,^^'^^ who states that the presence of 
Uvempy ’ fibers in wool is of much concern to the trade, because the 

t Mr. Aytoyd caused samples of wool to be prepared, illustrating his criticism. 
These samples consisted of small locks of Bomney wool, from which a few 
‘^strong'^ or hairy fibers had been removed and mounted separately on the same 
hackgronnd. The samples were sent to a New Zealand breeder of Bomneys 
who in turn forwarded them to a Bomney breeder in the United States. Through 
the latter, the writer was privileged to examine the samples. All of the so -Galled 
strong fibers to which Mr. Aykroyd took exeeptioh proved to be medullated. 
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ineliision of air gives tliem a different lustre and makes them appear 
to dye a lighter shade than normal fibers. 

In a lecture before the Bradford Textile Industry, Sir James 
Parr/^^^ High Commissioner for New Zealand, said, ‘'During the 
past few years Bradford spinners have been insistent that our 44 ~ 48 ’s 
wool is deteriorating, being characterized by too large a proportion of 
hair-like fibers and fibers which have a much greater diameter thick- 
ness at their tip than at their base, accompanied by reduction in luster 
and a lack of elasticity.”. 



E; F G H 

Fig. 2. Types of medullae found in wool (X 90). F, broken; F, continuous; 
(t, continuous; J?, continuous. 


CONTENT OF THE MEDULLA . 

Nathusius^^^^ was the first to suggest that the medulla contained 
air. This view is now widely accepted. Hausmaii^^^' describes the 
medulla as being built up of many superimposed cells or chambers 
and eontaiuing air spaces and sometimes small masses of pigment 
material. Barker and King/^^^ measuring the fiber diameters and 
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medulla diameters of 120 fibers from the Scottish Blackface breed, 
found the medulla to occupy 50 to 60 per cent of the total fiber 
volume. The}^ also found the medulla to be composed of about 90 per 
cent air space by volume, so that the actual medulla substance occupies 
only 10 per cent of the medulla core. 

in calculating the sulfur content of medullated fibers, by 
comparison with those which are non-medullatecl, states that the 
medullary material is practically devoid of sulfur, whereas the sulfur 
content of various wools is shown to range from 3.10 per cent in the 
Lincoln to 4.00 per cent in the Cape Merino. 


ORIGIN OF THE MEDULLA 

Duerden^^'^^describes the medulla in kemp fibers as arising from a 
special group of cells located in the middle of the shaft and derived 
from the basal layer of the epidermis. In the case of the cuticle and 
cortex, keratinization is complete, and the cells become solid, while in 
the medulla the cells walls only are thickened with minute spinous 
projections, the cavity that remains in each cell filling with air as the 
cytoplasm disappears. He suggests that any fiber containing air 
should be classed as kemp, or kempy. Blyth^^^ states that in the 
formation of the medulla the cell walls always become keratinized 
and that the cell contents disappear before reaching the mouth of the 
follicle, possibly on account of a lack of nourishment caused by 
impermeability of the cell walls. King^^^^ cites the fact that the 
medulla is sulfur-freej as being in consonance with the hypothesis 
that the medulla is an upward protrusion of the basal layer of the 
epidermis, which is almost sulfur-free. Thus the chemical aspects of 
medulla fqrmation are at least compatible with the histological. 

THE CAUSE/OP' THE FORMATION' OF' THE MEDULLAi 

propounds an interesting speculative hypothesis relative 
to the cause of medulla formation. The fact that the medulla is 
sulfur-free is cited as an indication that it may possibly be caused by 
a diet deficient in sulfur. That the defect has been considered as 
extra-hereditary by others was shown by Sir James Farr : In the 
past it has been thought that harshness, accompanied by hair and 
thickened tip, was rather a reflection of environmental than of genetic 

factors It is, however, being quite clearly shown that such is not 

the case ” 
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Duerden*^^"'^ in discussing the origin of kemp attributes the presence 
of ‘kempy’ fibers to the failure of the original outer protective coat 
of hair wholly to disappear in the process of evolution. He recalls 
the fact that in their natural state nearly all mammals have two types 
of hair, an outer coat of long, coarse fibers and an under coat of fine, 
short fibers. The presence of kempy fibers in the improved breeds is 
caused by the persistence of a portion of the outer or hairy coat- 


I J K 

Fig. 3. Types of medullae found in wool (X 00), I, double broken medulla ; 
continuous medulla with air inclusions (black portion) and without air inclu- 
sions (light portion) ,* K, continuous medulla showing, in the lower portion, com- 
plete air inelusions, and in the central portion, a few medullary cells eontaining air. 

Confirniation of this theory is evidenced by the coat of the new-born 
Merino lamb, the entire body of which at birth is provided with long, 
straight, kempy hairs, each with a medulla and air inclusions. Such 
haii’S are shed very early in the life of the lamb. Duerden evidently 
considers the problem of elimination of the medullated fibers as lying 
wholly outside the field of nutrition, for he states, . complete 

elimination should be possible by continued selection in breeding.’’ 
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That nutrition is not involved in the formation of the mediillated 
fiber has been partially verified by the writer. Sections through the 
epidermis of the thigh region were obtained from several Romney 
embryos taken late in gestation. The presence of mediillated fibers 
was clearly shown, indicating that the medulla is formed before 
iiiitidtional or environmental factors have had opportunity to become 
causative, unless the possibility of foetal malnutrition is given 
credence. 



Fig. 4. The samples used in the study of the distribution of the mediillated 
fiber within the fieece were obtained at the points indicated. {Trom Bilgar diet , 
Vol. 3, No. 19.) 


DISTRIBUTION OP MEDULLATED FIBERS 

Hausman^^®’ has shown that mediillation is common in the hair 
covering of most animals. Duerden^^^^ has found the defect in the 
Merino, which produces the finest wool known among improved breeds, 
and since a positive correlation exists between hair-shaft diameter 
and presence of the medulla (the coarser wools tending towards 
medullation) it seems logical to assume that mediillation in the Merino 
fiber IS indicative of its presence to some extent, at least, among all 
the bkeeds of sheep. Blyth^^^ has shown the presence of UrempS' in 
four of the monntain long-wool breeds, six of the luster-wool breeds, 
and five of the Down breeds. Duerden and Spencer found mednl- 
lated or heterotype fibers in the fleece of the Angora goat. 
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The writer/^^^ studying the distribution of medullated fibers in 
the fieeees of four Romney rams, found the forward portions of the 
fleece — the wool from the neck, shoulder, sides, and withers — to be 
much more nearly free from the defect than the rear portions from 
the thigh, the belly, and over the hips. There was, however, a great 
variation among the four individuals as to the proportions of medul- 
lated and non-medullated fibers and also as to the extent of the defect 
in certain parts of the fleece. Since this work was done, another test has 
been carried on with three purebred Romney wether lambs and with 
one registered Lincoln ewe. The lambs and ewe were kept together 
for a period of six months on a daily ration of 2.5 pounds of alfalfa 
hay and 0.75 of a pound of rolled barley. Thus any differences 
observed could hardly be attributed to the plane of nutrition unless 
there is considered the remote possibility of failure properly to 
metabolize the nutrients afforded. Samples were taken from each of 
the animals from nine different parts of the fleece (fig. 4). The fibers 
tested for medullation were taken at random by holding a staple and 
drawing from its side, one at a time, the 100 fibers nearest the right. 
Thus there was no tendency on the part of the operator to select the 
coarser fibers by virtue of their being more easilj^ seen. No attempt 
was made to determine the sizes of the medullae microscopically or to 
classify them. Those fibers listed as “partly medullated have dis- 
continuous or fragmental types. The method of detection is described 
later. 

The results in tabular form are given in table 1. 


TABLE 1 

DiSTEiBtjTioN or Medullated Fibers in Various Parts of the Fleece 


Breed and name 

Bar 

Cheek 

Neck 

Shoul- 

der 

Side 

Thigh 

Back 

1 

Back 

2 

Belly 

Scro- 

tum 

Total 

Lincoln ewe S04* 













100 

100 

89 

97 

93 

66 

98 

91 

93 


827 


0 

0 

11 

3 

7 

28 

2 

9 

7 


67 


0 

0 

0 

0 

0 

6 

0 

0 

0 


6 

Romney wether lamb 1147* 







Non-medullated i 

100 

100 

70 

77 

67 

51 

100 

87 

92 

100 

844 

Partly medullated 

0 

0 ' 

30 

23 

33 

33 

0 

13 

8 

0 

140 

Medullated 

0 

0 

0 

0 

0 

16 

0 

0 

0 : 

0 

16 

Romney wether lamb 1151* 












Non-medullated 

100 

100 

100 

97 

80 

62 

100 

100 

94 

96 

929 

Partly medullated 

0 

0 

0 

3 

20 ‘ 

30 

0 

'0 

6 

'4 

63 

Medullated. 

0 

0 

0 

0 

0 

8 

0 

0 

0 

Q 

8 

Romney wether lamb 115B* 







1 





Non-medullated 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1000 

Partly medulated 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Medullated. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


* Number refers to the University RoclJi record. 
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Tlie data preKsented in table 1 give partial support to the evidence 
obtained in tiie previous test. The largest proportion of defective fibers 
was found in thigh samples, although two of the present fleeces showed 
substantial numbers of partly medullated fibers on the forward 
portions. 

The fact that wether lamb 1152 disclosed no medullated fiber is 
important. It proves that sheep of the long-wool types may produce 
fleeces without the defect. 


BEEAKING STEESS OP MEDULLATED AND 
NON-MEDULLATED PIBEES 

A comparison of the breaking stress and extension at break of 
medullated and non-medullated Cotswold fibers was made by Speak- 
man/^®^ who showed a mean percentage extension at break of 70.2 
and a mean breaking stress of 1.51 X 10® grams per square centimeter 
for non-medullated fibers, while the corresponding figures for mediiL 
lated fibers were 71.4 per cent and 1.20 X 10® grams, per square centi- 
meter, respectively. The variability in his results was high, but the 
data indicated that the medullated fibers were more elastic and less 
strong than the non-medullated ones. On the latter point he says, 
^^ Prom first principles, in view of the air spaces within the medullary 
cells of medullated fibers, it is to be expected that they will be weaker 
than non-medullated fibers. .... Piiially, the strength of medullated 
and non-medullated fibers is directly proportional to their cross-sec- 
tional area, although the former are weaker than the latter, as was to 
be expected/’ 

A similar test of medullated and non-medullated fibers was con- 
ducted by the writer. Several hundred fibers of each kind were 
sepai'ated by the method later described, and then segregated into 
groups aecording to diameter at the midseetion. All of the fibers used 
were taken from a single fleece of a Lincoln ewe. While no study was 
made of the various types of medullae present in the medullated 
group, it is certain that each would fall into either the ‘intermediate” 
or the “continuous” class described by Hausman.^^^ No fibers show- 
ing the slightest defect were chosen for the non-medullated group, and 
no fibers failing to exhibit clearly the characteristie phenomenon 
presented by the truly medullated fiber were chosen. All of the 
‘ ■ partly medullated fibers were discarded. 

The tests were carried on with a McKenzie fiber-testing machine. 
Atmospheric conditions were not* controlled, although the testing of 
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the various groups was condneted in such a manner that fluctuations 
ill humidity were impartial. The rate of loading likewise was not 
aecm-ately controlled, but a serious attempt was made by the operator 
to turn at a uniform rate the screw device which applies the load in 
an apparatus of the type mentioned. Precautions were taken to insure 
a uniform tension on each fiber before it was secured between the 
clamps of the fiber-testing machine. 

The data are here given in tabular form (table 2). The cross- 
sections of the fibers, exclusive of the cross-sections of the medullae, 
were not considered ,* the comparisons, therefore, are direct on the 
basis of outside diameters of the fibers at the midsection of each. 

TABLE 2 

Breaking Stress of Mei>ui.latei> and Non-medtjllated Wool Fibers 
PROM Lincoln Ewe 


Distance between jaws of fiber tester (length of fiber), 2 inches 


Midsection diameter 
of fiber 

Mean breaking stress 

Medullated 

fibers 

j 

Number of 
medullated ' 
fibers 

1 

Non-medullated 

fibers 

Number of 
non-meduliated 
fibers 

Inches 

Decigrams 


Decigrams 


Under 0.0012 



231. 50=1=26. 72 

96 

.0012 



267.39=1=29.53 

112 

.0013 



301.75=h32.30 

106 

.0014 

380.78=1=46.37 

■ . 14 ! 

349.04=h36.61 

104 

.0015 

357.29=fc39.66 

21 ■ i 

344.10=b43.23 

123 

.0016 

415.93=t47.69 

58 

409.77=1=44.97 

130 

.0017 

428.24±35.50 

62 

426.99=b39.37 

67 

.0018 

465.15±62.81 

46 

455.79=1:46.18 

34 

.00X9 

501.13d=63.71 

48 

492.00=1=28.53 

23 

.0020 

506.07=1:59.60 

88 

581.67:1:36.65 

9 

.0021 

507.19=1=58.99 

43 



.0022 

532-12=1=59.77 

74 



. 0023 

526.84dt63.45 

64 



.0024 

560.49±62.49 

55 



Over 0. 0024 ' 

573.97=fc72.74 

31 ’ 

■ 


Mean of fibers from 0.0014 to 





0.0020 inch dianicUpr^ incl i 

455.47 


392 . 96 


Number of fibers from 0.0014 to 





0.0020 inch diameter, incl 


337 


490 



. j 




The relative humidity of the room in which these tests were conducted varied from 33 per cent to 
66 per cent during the course of the experiment. 


These data seem to be at variance with those obtained by Speak- 
inan.^^®^ While the probable errors are admittedly high, the fairly 
large numbers of fibers involved in each group tested, and the con- 
sistently higher breaking stress with each increase in fiber diameter, 
are indaeations of accuracy and to the greater strength of the 
medullated fiber, regardless of the presence of the medulla. 
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111 an attempt to pi'ove tlie reliability of tlie results obtained, a 
iiiiniber of 'partly niedullated ’ fibers were broken in the apparatus. 
These fibers were carefully examined microscopically, and each was 
known to possess a discontinuous or broken medulla. Following the 
breaking of the fibers, the twm fragments were again mounted and 
studied under the microscope. In each instance, it was found that the 
break had occurred^ in the non-mednllated portion of the fiber. The 
results, therefore, support the data presented in table 2 and afford 
further evidence of the greater breaking stress of the niedullated fiber. 


EXTENSION AT BREAK OF MEDULLATED AND 
NON-MEDULLATED FIBERS 

The observations on the extension at break of the same fibers 
studied in table 1 are recorded in table 3. 

TABLE 3 

Exteijtsion' at Break of Meduluated a,niv Non-medullateo Wool Fibers 
PROM Lincoln Ewe 

Distance between jaws of fiber tester (length of fiber), 2 inches 


Mean extensibility at break 


Midsection diameter 
of fiber 

Medullated 

fibers 

Number of 
medullated 
fibers 

Non-medullated 

fibers 

Number of 
non-medullated 
fibers 

Inches* 

Millimeters 


Millimeters 


Under 0.0012 



26.47il.85 

96 

.0012 



25.88i2.15 

112 

. 0013 



27.08il.98 

106 

.0014 

23.57±4.62 

14 

26.7SiL75 

104 

.0015 

25.67±2.52 

21 

26.34il.72 

123 

.0016 

23,29=fc3.12 

58 

25. soil. 83 

130 

.0017 

21.06d=3.63 

62 

; '25.61il.46 

67 

.0018 

22.30i4.87 

46 

1 26,62il.40 

34 

.0019 

2i.0Qdzi.02 

48 

26.83il.08 

23 

.0020 

24.07i3.65 

88 

i ; 27.44il.28 

9 

.0021 ' 

22.98i3.90 

43 



.0022 

22.03i4.90 

. 74 



.0023 

22.44i3.72 

64 



.0024 

21.85i4.90 

55 , i 



Over 0.0024 

18,80i4.78 

31 



Mean of fibers from 0,0014 to 





0.0020 inch diameter, incl... 

23.22 


26.12 


Number of fibers from 0.0014 to 




0.0020 inch diameter, incl 


337 


490 






The humidity of the room in which these tests were conducted varied from 33 per cent to 06 per cent 
during the course of the experiment. 

* The units are in inches because the machinist’s micrometer used to measure the diameters of the 
fibers was constructed to read in inches. The McKenzie fiber-testing machine records the Stretch in 
millimeters. 
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Here also the data are not in accord with those obtained by Speak- 
The higher probable errors obtained with medullated fibers 
are perhaps due to disregarding the medulla diameters, and while 
these errors are sufficiently high tO' make inadvisable the drawing of 
any definite conclusions, again attention must be called to the con- 
sistency of the results and to the numbers of fibers tested. 


THE EFFECT OF THE PEESENCE OF THE MEDULLATED 
FIBEE UPON THE UNIFOEMITY OP THE FLEECE 

Hausman^^^ has shown that the presence of the medulla is asso- 
ciated with increased hair-shaft diameter, both in infra-hominid and 
human head hairs. In the data given by Speakman,^^®^ if it may be 
assumed that the fibers used were of common origin, the coarsest non- 
niedullated fiber tested was practically of the same diameter as the 
finest medullated fiber. Blyth^^^ found in the heterotypic fibers that 
where the fiber diameter was greatest, the medulla was most likely to 
be found. She states, in the description of the mountain long-wools, 
that the medulla occurred more frequently in the coarse samples than 
in the fine. That the presence of the medulla tends toward the pro- 
duction of a coarse fiber is strikingly borne out by the fiber diameters 
given in table 2. It will be observed that no medullated fibers were 
found in the particular fleece under consideration, which were less 
than 0.0014 of an inch in diameter, whereas hundreds of non-medul- 
lated fibers of a diameter less than 0.0014 of an inch were readily 
available. Similarly no non-medullated fibers were found of a 
diameter greater than 0.0020 of an inch, while in the same sample 
medullated fibers up to 0.0024 of an inch were found in gTeat numbers. 
Eegardless, then, of whether or not medullation adversely affects the 
dyeing affinity, tensile strength, elasticity, softness, or any other 
attribute of the fleece, its presence is highy undesirable if it lends 
toward greater variability in the diameter of fiber. Until the mediil- 
lated fiber is eliminated, it would seem impossible to produce the level, 
even fleeces so desired by the spinner. 


THE DETECTION OP THE MEDULLATED FIBEE 

The medulla is easily detected under the microscope by preparing 
the fiber in a balsam or glycerin Aount. Detection is sometimes 
difficult in a water mount and is often impossible when the fiber is 
mouhted dry;y:-' 
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Realization of the desirability of having a macroscopic method for 
accurate detection of the medulla led the writer to the discovery of a 
method described in a previous paperd’-®^ Since that time, however, 
certain changes in technique have been adopted, and a new descrip- 
tion, although necessitating partial repetition, seems warranted. 

A square or rectangular piece of glass about 5 inches by 8 inches 
(a discarded photographic plate is excellent) is placed horizontally 
over a black or dark blue background. Melted paraffin is then slowly 
poured on the glass in such a manner as to form a wall about one- 
quarter to three-eighths of an inch high and in the form of a pair 
of parentheses with ends completely joined. At the top of the 
‘parentheses’ the wall of paraffin is of full height, but at the bottom, 
which is placed almost at the lower edge of the glass plate, the wall 
is depressed to a height of about one-eighth of an inch. The ‘paren- 
theses’ should be about six inches in the longest dimension and about 
three inches across at the point of greatest width. 

Into the area surrounded by the paraffin wall a. quantity of clear 
glycerin sufficient to fill the ‘parentheses’ is poured. 

Fibers are examined in a room lighted only by a dim red light, 
such as is used for photographic dark rooms. This light is suspended 
about twelve inches above the shallow lake of glycerin and sufficiently 
far forward to allow the operator to make close observation of the 
fibers without coming in contact with the lamp. The sample to be 
tested is cleaned in benzene, and fibers are subjected to treatment one 
at a time. 

The distal end of the fiber is held with a pair of fine tweezers, the 
proximal end with the fingers. The fiber is then submerged in the 
glyeerin, the end held between the fingers being allowed to pass over 
the paraffin wall at the lower end of the ‘parentheses,’ the end nearest 
the operator. For examination of every part of the fiber, the ends 
may be reversed. 

If the fiber is non-medullated, it cannot usually be seen with the 
naked eye when submerged in the glycerin under the subdued light* 
Very coarse non-medullated fibers, such as are to be found in the 
Lincoln and Cotswold breeds, can sometimes be seen, but their appear- 
ance offers slight contrast with that of the glycerin. If the fibers are 
meduilated, the medulla, if it contains air inclusions, persists as a fine, 
white line which can readily be seen. 

In somo fibers, a clearly defined medullary substance, which 
exhibits no air inclusions, may be found. These fibers, which as yet 
have been observed in only one fleece, are not detectable by the method 



June, 1929] Wilson: The MeduUated Wool Fiber 149 

described. It is probable, however, that they are so few in number 
as not seriously to affect the efficiency of the method. 

Tests of the efficacy of this method of detection have shown that it 
is quite satisfactory. At first the operator should cheek results with 
the microscope, but experience has shown that proficiency in detection 
may be acquired to a point where subsequent proof is superfluous. 
A fiber with intermittent or fragmentary medulla is easily detected, 
the medullated areas being revealed as tiny white spots. Accuracy 
in detection seems, after reasonable practice, to be regulated only by 
the eyesight of the operator. » 

For less exacting work, the operation may be carried on in natural 
light, subdued to such a point that reading would be difficult. The 
advantage of the artificial light apparently lies only in its uniform 
intensity. 


THE ELIMINATION OP THE MEDULLATED FIBEE 

While it is conceivable that factors extraneous to heredity are 
partially responsible for the formation of the medulla, the evidence 
thus far points strongly to the field of genetics. If, then, it is a genetic 
problem, the elimination of the medullated fiber lies wffiolly in the 
hands of the breeder. If the problem is to be solved the breeder 
should adopt a test for the presence of medullated fibers in the fleeces 
of stud animals, especially in the fleeces of stud rams. The results of 
such a test should be used as a partial index of the desirability of the 
animal for breeding purposes. 

The glycerin test herein described affords an ideal method for the 
husbandman’s use. It requires no technical training and no expensive 
equipment. Furthermore, it yields the information needed by the 
breeder— whether or not the fiber is medullated and contains air 
inclusions. 

The results of the study on the distribution of the medullated 
fiber within the fleece, presented in table 1, indicate that it is possible 
to produce sheep of the long-wool breeds which carry fleeces without 
the defect 
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SUMMARY 

A sharp differentiation should be made between the mediillated 
fiber and kemp. 

The mediillated wool fiber is thought to be responsible for serious 
difficulties encountered in wool manufacturing. 

The mediillated fiber is found among many kinds of animals, 
probably among all of the breeds of sheep, and is common among those 
breeds producing the coarser grades of wool. It is likely to be found 
in any part of the fleece, but is most apt to occur in the rear portions 
notably on the lower thigh. Some sheep are entirely free from the 
defect. 

Breaking stress data reported in this paper show medullated fibers 
to be stronger than non-mediillated fibers of the same diameter at the 
midsection. 

Tests on the extension at break indicate that non-niedullated fibers 
may be more elastic than mediillated fibers of equivalent midsection 
diameter. 

The medullated fiber is partially responsible for wide deviations 
from the mean diameter of fiber of the fleeces in which it occurs. 

The medullated fiber may be detected microscopically by the use 
of several mounting media. It may be detected aceiirately by a 
macroscopic method described in the text. The macroscopic method 
of detection is simple and inexpensive, and may be used, with practice, 
by the breeder. 

The elimination of the defect is probably within the field of 
genetics. The fact that some animals of the long-wool breeds are free 
from the defect, indicates that the problem of elimination is possible 
of solution. 
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THE EFFECT -OE DORMANT PRUNING ON THE 
CARBOHYDRATE METABOLISM OP 
VITIS VINIFERA 

A. J. WINKLEEi 


In previous papers^-’ experiments were described^ the results of 
wFich show^ed: (1) that dormant- pruning depresses the capacity of 
the vines for total growth; (2) that dormant pruning depresses the 
capacity of the vines for fruiting ; (3) that dormant pruning reduces 
the quality of the fruit of some varieties; and (4) that bearing de- 
presses the capacity of the vines for growth. 

The purpose of this paper is to describe the effect of dormant prun- 
ing on the carbohydrate metabolism of the vine and to discuss the 
influence of this effect on growth and fruiting. 

TYPES OF PETJNING USED 

The plan of the plantings and the various typejs of pruning 
employed were those described in detail in the earlier papers.^-’ The 
types of pruning used on the vines from which samples for analysis 
were taken were: 

Non-prwnedy part crop: no priming. All clusters in excess of what 
was thought necessary for a good crop of fruit were removed before 
blooming. 

1 Associate Professor of Yitiealture and Associate Viticulturist in the Experi- 
ment Station; 

-VThe depressing effect of herbaceous or summer pruning on growth and 
crop is generally recognized by viticulturists; see; Bioletti, P. T., and F. C. 
H. Plossfeder. Topping and pinching vines. California Agr. Exp. Sta. BuL 
296:369-384. 1918. 
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Cmie-pmmd, part crop: pruning similar to that commonly ' used 
in California on Sultanina (Thompson Seedless) except that about 25 
per cent more wood was retained. All clusters in excess of what was 
thought necessary for a ' good crop of fruit were removed before 

blooming. 

Normally (spur) primed: pruning as nearly as possible that of the 
best accepted commercial practice with the varieties used. All clusters 
allowed to develop. 

Semrely pruned: pruning similar to that of the normally pruned 
vines but more severe, only the base buds being retained on the spurs. 
All clusters allowed to develop. 


METHODS OF SAMPLING AND ANALYSIS 

The woody material for analysis was collected as follows ; — 

The Shoots,— Two entire shoots were taken from each vine. About 
four inches of the basal portion of each shoot was taken for a sample. 
All the basal portions of the shoots from a single pruning treatment 
for a given date were thrown together to make one sample. 

The Trunk . — Disks 3 to 6 millimeters in thickness were sawed from 
the similar positions in the trunks of the vines as they were being 
removed. Tw^o vines were usually removed from a given pruning 
treatment, and in such cases the sample was made up of wood of 
both ' vines. 

The roots .- — Segments of the main roots at a distance of twenty to 
twenty-five centimeters from the root crown were collected at the time 
vines were being removed. Here also a single sample was made up 
of wood from two vines. 

'■'FrepuraMpn'^of the Samples.— In all the samples, the bark was sep- 
arated, from the' wood. The material was then, cut into small segments' 
of less than one cubic centimeter in size and placed immediately in 
an oven with forced ventilation at 65^^ C. The dried material was 
ground ',so' that it wmuld pass through a 60-mesh sieve. 

, the,. 'determination of reducing substa.nces the ex- 
traction was-, made , with '95-per. cent , alcohol, while.' the starch was' 
hydrolizecl with taka-diastase." 'Theuednctions were carried out 'accord- 
ing to the,Shaffer-Hartma.n method.^^^ , Duplicate determinations were' 
alwa3"S'ma,.de.,.''' '' . ,' ,'■ .. 

„„ 3 The writer is indebted to Miss. '■Isabelle" B.' Collins and/.Mr. Y.' 'C;,:Bro.yer,''' 
teehnieians in the Division of Yitictilture, who made the chemical analyses. 
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THE EFFECT OP PEUNING ON THE CARBOHYDKATES 

OP THE YINB 

Some ways in which pruning affects the vines, as shown in previous 
papers, are to depress the growth and to decrease the bearing and 
with certain varieties, to lower the quality of the fruit. The effect on 
the quality of the fruit is especially pronounced in the Muscat of 
Alexandria. The greater vine growth of the lightly pruned and non- 
pruned vines may be a result of more favorable nutrition of the vine 
over the entire season. The improvement in fruiting, on the other 
hand, must be due to more favorable nutrition when the individual 
flowers are developing and the berries setting ; that is, before blooming, 
during blooming, and during the setting of the berries. 

In the vine, the later stages in the development and opening of the 
flowers do not take place before and during leafing out in spring as 
they do with most deciduous fruits. By the time of leafing out in 
spring, the development of the vine flower has proceeded to the 
primordia of the individual flowers, but the development of the 
flower parts, such as anthers, style, and ovules, occurs while the vine is 
in leaf, and the flowers open six to eight weeks after the beginning of 
active growth. It seems probable, therefore, that the effects on fruiting 
of changes in carbohydrate nutrition could be produced only during 
early summer, that is, previous to the middle or end of June at Davis. 

With the above facts concerning the fruiting habit of the vine, 
together with its responses to pruning, in mind, analytical results 
obtained in a study of the effects of pruning on the carbohydrate 
nutrition of the vine at Davis will be presented. 

The Seasonal Changes in Total Carbohydrates . — During the season 
of 1925 series of samples of the vine parts to be analyzed were collected 
from the Muscat of Alexandria from January until well along in the 
growing season. A similar series of samples was collected from the 
Monukka in 1926. Owing to the similarity of the results obtained 
with the two varieties, only the results for the Muscat are shown in 
figure 1. This similarity of results for the two varieties during early 
summer may be illustrated by a comparison of the graphs of figure 1 
with those of figure 3 A. Also, since 'the effect of pruning on the 
seasonal change of carbohydrates in the vine parts analyzed was 
confined almost entirely (fig. 3) to the shoot, results for this part of 
the vine alone are shown in figure 1. 

The graphs of figure 1 indicate two maxima and two minima in 
the seasonal changes in the total carbohydrates for the non-pruned, 
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cane-pruned, and iiOTinallr pruned vines, one maxiiiinin falling in 
the dormant season and the -other during the early parhof the growing 
season. This, no doubt, is the normal condition for the seasonal 
behavior in the earbohydrates of the vine at Davis. The severely 
primed vines, on the other hand, fail to show a inaxiiiiiiin in the early 
part of the growing -season. - ' - 

Pnining affected the amount of total carbohydrates present at 
both the matimiim of the dormant season and that of the early part 
of the growing season. The effect was mnch greater at thewmgetative 



Jm fmW ‘ I^or * ■ Nag ■ ^ June July Aug. 


Fig. 1. The effect of prnnm^ on the pereentage of- total carbohydrates in the 
basal portion of Mnseat of Alexandria canes and shoots at various dates during 
1925. - 'T , 

maximum.' At this time the amount of total carbohydrates in the 
non-priined vines was 36 per cent greater than in the normally 
pruned vines and 40 per cent greater than in the severely pruned 
vines; that in the cane-pruned” vines was 44 per cent greater than in 
the normally pruned vinesmnd’49 per cent greater thfe in the severely 
pruned ^ines. -The amount of total’ carbohydrates in the non-pruned 
and cane-pruned vines at the dormant maximum was 18 and 15 per 
cent respectively 'greater than that of the normally pruned vines. At 
this season there was no difference in the carbohydrate content of the 
nomally and severely pruned vine's.- 'ib''/ -i, ,■ 

In the periods between the two maxima, no significant influence of 
pruning on the amounts of carbohydrates present' is indicated. This 
lack of noticeable influence could “probably be accounted for by dif- 
ferences in the rates of igrowtk v ; The ‘non-pruned wines start growth 
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earliest j and, owing to tlie many shoots that develop, the rate of growth 
rapidly diminishes. The more severely pruned vines, on the contrary, 
start growdh later, and, owing to the relatively few shoots that develop, 
the rate of growth is rapid and continues to be so over a relatively 
long period. This continued rapid length growth of the severely 
pruned vines, no doubt, prevents the appearanee of a maximuin in the 
total carbohydrates during early summer, these materials being con- 
sumed as rapidly as they are produced. 



AT *1/ /S JO iS Jt ts 30 ts Jt iff m 

Apfit May Jane July AugtM 


Slarck 

Fig. 2. The effect of pruning on the percentage of reducing and total sugars 
and starch in the basal portion of Muscat of Alexandria shoots. 

The Amounts of Sugars and Starch Present.— By plotting graphs 
for each of the carbohydrates determined — ^namely, reducing sugars, 
total sugars, and starch— as in figure 2, the effect of pruning upon the 
changes in each of these substances is indicated. For these graphs the 
figures for the basal portion of the Muscat shoots are again used. 
Similar figures for the reducing sugars in the Monukka are shown in 
figureSML. 
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The grax)liH of figure 2 show that the influence of pruning, 
especially during early summer, was primarily, if not solely, confined 
to the carbohydrates in solution — sugars. There was 52 |:)er cent more 
reducing sugars in the non-prnned than in the normally pruned vines 
on June 3, and 51 per eent more total sugars. 

For starch, on the contrary, there is no indication that i>rniiing 
affects the amount present during early summer. There is, however, 
a higher percentage of starch present in the non-primed than in the 
iiornially pruned vines during the dormant season. This larger 
amount is, no doubt, of importance in connection with the greater 
capacity of the non-pruned vine, yet it is of questionable significance 
with regard to the better setting and development of the fruit which 
some varieties exhibit with cane-prniiing or non-priming accoinpanied 
by flower-cluster thinning. The improvement in fruiting is more 
closely associated with the larger amounts of the carbohydrates in 
solution. This association will be indicated more clearly in the follow- 
ing sections of this paper. 

The Amounts of Sugars in the Different Parts of the Vines , — As 
stated, samples for analysis were collected from the shoots, trunk, and 
roots. The effect of pruning on the sugars in these parts of the vine 
during early summer is indicated by the graphs of figures 3, which 
represent results obtained with Monukka. As shown in figure 2, the 
starch content of the vine was not influenced in early summer by 
pruning. Also, since the direction and magnitude of the effect of 
pruning on the reducing and total sugars was very similar (fig. 2), 
only the data for the reducing sugars are included. 

The graphs of figure 30 indicate that pruning has little or no effect 
on the amounts of reducing sugars present in the roots during early 
summer. The differences which are indicated seem to be due to dif- 
ferenees in the time of the beginning of growth and the rates at which 
this suhstance is used for growth rather than to the type of pruning. 

As indicated by the graphs of figure SB, there was even less dif- 
ference in the amounts of reducing sugars present in the trunks of 
the vines under the several types of pruning than in the roots. 

In the basal portion of the shoots there was an indication of a 
marked influence of pruning on the amounts of sugars present. The 
aiaomit of reducing sugar in this part of the non-pruned Monukka 
vines was slightly greater than that indicated for Muscat of Alexan- 
dria in figure 2. The amount was 33 per eent larger than that in the 
normally primed vines of this variety on May 19. The graph of 
figure 3 A also indicates that the changes in reducing sugars during 
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early summer in tlie Monukka follow a course very similar to that for 
the total carbohydrates in Muscat of Alexandria, shown in figure 1. 
For the Monukka there was no simmier maxiniiim in reducing sugar 
with severe pruning, a condition which is in agreeineiit with that 
found for Muscat. 



Fig. 3. The effect of pruning on the percentage of reducing sugar at various 
levels in the Monukka vines during early summer. 


THE EFFECT OF PRUNING ON THE RATE OF GROWTH OF 

THE VINE 

The fact noted that larger amounts of certain of the carbohydrates 
are pi*esent in cane-pruned and non-prmxed vines than in the normally 
and severely pruned vines, especially during early summer, makes it 
of interest to inquire further into the causes of these differences in 
nutrition. Does the greater reserve of the dormant cane-pruned and 
hon-pruned vines carry over to give these vines a more favorable 
nutrition during early summer, or does the pruning affect the rate or 
type of growth so as to favor the production and accumulation of 
sugars f 
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The Arnmmts of Bedueing Sugars and Total Carhohydrates Present 
in the pruned Vine , — The removal of several series of vines made it 
possible to obtain weights of the vines both before and after pruning. 
From these figures, together with the analytical data, it was possible 
to estimate the aniomits of carbohydrates contained in the vines after 
pruning. The average weight of vine after pruning and the per- 
centage and total amount of reducing sugars and total carbohydrates 
present in two five-year-old Monukka vines under severe, normal, and 
non-pruning, are shown in table 1. 

TABLE 1 

The Weight of Dormant Vine after Pruning and the Amounts op Eeducing 
Sugars and Total Carbohydrates to a Vine Based on Dry Weight 


Average of two vines 


Measurements 

Non- 

pruned 

Normally 

pruned 

Severely 

pruned 


39.10 

12.70 

4.60 

Per cent of reducing sugars 

1.25 

1.16 

1.13 

Per cent of total carbohydrates 

7.10 

6.48 

6.22 

Weight of reducing sugars per vine, kilos 

0.49 

0.14 

0.05 

Weight of total carbohydrates per vine, kilos 

2.78 

0.82 

0.28 



Although the differences between the percentages of reducing 
sugars and of total carbohydrates in the non-pruned vines and those 
in the severely and normally pruned vines during dormancy, are 
relatively small, the total amomits of these substances retained in the 
non-pruned vines after pruning is much larger than that of the 
severely and normally pruned vines. They contained almost four 
times as much of each of these substances as the normally pruned and 
ten times as much as the severely pruned vines. 

The larger amounts of these carbohydrate materials present in the 
non-pruned vines, no doubt, endows them with a greater potential 
capacity for growth and fruiting, yet if the rate and mass of growth 
produced by the vines under the several types of pruning was in 
proportion to the amount of wood retained at pruning, this difference 
in the amounts of the reserves during dormancy would not account 
for the differences in nutrition that exists during early summer. 

The EaU' of GrowtK—Dming two seasons when Monukka vines 
were being removed at different intervals from May to July, weighings 
w^ere made of the several parts of the vine, such as leaves, shoots with- 
out leaves, and trunk. The weights of the leaves and shoots were 
obtained in as short a time as possible to avoid error due to the loss 
of moisture. From these weighings it was possible to determine the 
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ratio of weight of shoots produced during early summer to total 
weight of the parts of the vine retained at pruning, and the ratio ,of 
weight of leaves to weight of shoots for vines of each of the types of 
pruning. These ratios for the non-pruned, normally pruned, and 
severely pruned vines are shown in figure 4. 


of shoots 1o total weight of woe 
^atio of leases to shoots 



May Uune 

Non- pruned vines, clusters thinned before blooming. 


Fig. 4. Tlie ratio of weight of shoots during early summer to total weight of 
the parts of the vine retained at pruning and the ratio of weight of leaves to 
weight of shoots. 

The graphs for the sevei’ely pruned vines show that in 1926 the 
ratio of weight of shoot to total weight of the parts of the vine 
retained at pruning was 1.13:1 on May 25. This ratio continued to 
increase until on July 23 it was 1.30: 1. At both dates the ratio of 
weight of leaves to weight of shoot was only 0.80; 1. A similar con- 
dition obtained in 1927. In this season the ratio of weight of shoots to 
total weight of vine did not become greater than 1 so early, however, 
and the ratio of leaves to shoots was smaller, 

in the case of the normally pruned vines, the type of growth was 
very similar to that of the severely pruned. The ratio of weight of 
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shoots to total weight of the parts of the vines retained at pruiiiiig 
was 1.07:1 on May 25 and 1.30:1 on July 23. For this type of 
priming the ratio of leaves to shoots was slightly higher than that of 
the severely primed vines, being 0.83 : 1 on May 25 and' 0.94 : 1 on 
July 23. The ratios for the normally primed vines during 1927 bear 
the same relation to those of the severely primed vines as that just 
indicated for the year 1926. 

In the non-primed vines there is a complete reversal of the condi- 
tions Just indicated for the severely and normally primed vines. With 
this type of priming the ratio of weight of shoots to total weight of 
the parts of the vine retained at priming never attained 1. On May 
25 it was 0.84:1 and on July 23 0.70:1. On the other hand, the 
ratio of weight of leaves to weight of shoots was greater than 1 at the 
earliest weighing on May 4 and remained so. Again in 1927 the ratip 
of weight of shoot to total weight of vine at the beginning of the 
growing season ranges from 0.56 : 1 on May 19 to 0.74: 1 on June 18. 
On these same dates the ratio of weight of leaves to weight of shoots 
was 1.20:1. 

The graphs of figure 4 thus show that the non-primed vines are 
making less shoot growth in proportion to the weight of vine at the 
beginning of the growing season than either the normally or severely 
pruned vines. On the other hand, these same non-pruned vines are 
produeing a muck greater weight of leaves in proportion to shoots than 
the normally or severely pruned vines. 

Bate of Total Shoot Elongation and Weight of Leaves. — Although 
the ratio of weight of shoots to totaT weight of the parts of the vine 
retained at pruning in the uon-primed vines was much less than that 
in either the severely or normally pruned vines, a condition which 
would tend to conserve the reserve materials of the vines, the rate of 
total shoot elongation under this type of pruning was much greater 
than that of the pruned vines owing to the larger number of shoots. 
The effect of pruning on the time and amount of total length growth 
of all shoots to a vine is shown in figure 5. 

The graphs of figure 5 indicate that the type of pruning modifies 
both the rate of growth and the amount of total length growth. The 
importance of this effect is seen when the amount of length growth 
found at the several dates of measurement is taken into account. On 
May 13 the non-pruned vines had made 74 per cent of the total- 
season Is length growth, while the normally and severely pruned vines 
had made only 23 and 12 per cent respectively. Also, by May 43 the 
non-pruned vines had made 90 and 95 per cent respectively as much,- 
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lengtli growth as the normally and severely pruned vines made during 
the entire season. 

The figures indicate a very rapid total elongation of the shoots for 
the non-priined vines during April and early May. After this, the 
rate of growth moderates so that very little additional elongation of 
the shoots occurs between July 1 and the end of the growing season. 
On the contrary, the rate of total elongation of the shoots of the 



Fig. 5, The effect of pruning on the start, rate, and total length of cane 
growth. ' ■ ' 


severely pruned vines is very slow in April and early May. It is 
very rapid during the latter part of May and June and continues so 
with but little moderation until the end of the growing season. The 
growth curve for the normally pruned vines is intermediate between 
those of the non-pruned and those of the severely pruned vines. Yet 
its contour is very similar to that of the severely pruned vines. 

Not only was the rate of total shoot growth greater in the non-, 
pruned vines than in the normally pruned vines, as indicated in 
figure 5, hut the total weight of leaves to a vine was much larger, 
espeeially during the early summer. The effect of type of pruning 
on the weight of leaves to a vine is shown in table 2. 

The figures of table 2 show that on May 19 the non-pruned 
Monukka vines had produced almost five times as great a weight of 
leaves as the severely pruned and three times as great a weight of 
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TABLE 2 

The Eepect op Type of Prhnihg- ok the Weight op Leaves to a Vine 


Variety 


Biack Monukka,. 


Muscat of Alexandria, 



Type of pruning and weight of 


leaves, in kilos 

Date of weighings 




Severe 

Normal 

Non-pruned 

May 19, 1927 

1.05 

2.10 

7.10 

June 18, 1927 

2.70 

4.50 

11.60 

Mays, 1925 

0.06 

0.18 

3.87 

June 24, 1925 

0.85 

1 1.54 

5.97 

Oct. 15, 1925 

3.06 

3.47 

8.80 


leaves as the normally pruned vines. On June 18 the ratios of weight 
of leaves of the non-pruned to that of the severely and normally 
pruned vines was 4,30 : 1 and 2.58 : 1 respectively. The greater 
weight of leaves in favor of the non-pruned Muscat of Alexandria 
vines during May and J une was even larger than that for the Monukka. 
The figures for the Muscat of Alexandria further show that the great 
advantage in total weight of leaves to a vine in favor of the non- 
pnined vines obtains throughout the growing season ; there being two 
and one-half times as great a weight of leaves on the non-pruned as on 
the normally pruned vines, and three times as great a weight of leaves 
on the non-pruned as on the severely pruned vines on October 15. 

The rate of growth and the total weight of leaves produced, as 
shown in figures 4 and 5 and table 2, clearly show that the non-pruned 
vines have a great advantage over the normally and severely pruned 
vines for the manufacture and accumulation of carbohydrates. The 
non-pruned vines are utilizing a smaller proportion of the available 
materials for shoot elongation at all stages of development, but 
especially during early summer, than either the normally or severely 
pruned vines. Then again, at all times during the growing season 
they have a much greater actual weight of leaves than the pruned 
vines, for the production of carbohydrates. 

The differences in rate of growth w^hich very markedly alter the 
production of leaves under the different types of pruning seem to be 
quite sufficient to account for the differences in the carbohydrate 
nutrition as indicated in figures 1, 2, and 3. These differences in 
rates of growth during early summer endow the non-pruned vines 
with a weight of leaves several times greater than that of either the 
normally or severely pruned vines. This is equivalent to a con- 
siderable increase in the season of leaf activity for the non-pruned 
vines. At the same time the growth of the non-pruned vines is 
exerting a smaller drain on the reserves Of the dormant vines than 
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the less favorable growth made by the pruned vines, which, no doubt, 
accounts for the much higher maximum attained in the amounts of 
carbohydrates present in the shoots of these vines during May and 
June (figs. 1 and 2). 


THE RELATION OP RATE OP GROWTH AND CARBO- 
HYDRATE NUTRITION TO FRUITING 

In the foregoing sections of this paper the effects of pruning on 
several of the carbohydrate materials and total carbohydrates present 
in the vine parts have been shown. It has been shown also that the 
effect of pruning on the rate of growth, and still more on leaf produc- 
tion, apparently accounts for the changes in carbohydrate nutrition. 
The relation of these changes in growth and nutrition to the fruiting 
of certain varieties of vines will now be indicated. 

The Effect of Carbohydrate Nutrition on Flower Development . — 
In an attempt to correlate the number of leaves to a vine with the 
carbohydrate nutrition of its flowers and to determine the influence of 
this carbohydrate nutrition on flower development, the number of 
leaves to a vine was altered. To increase the number of leaves to a 
vine above that of the normally pruned vines, cane-pruning with 
flower-cluster removals to control the crop was employed. The 
excess clusters were removed about four weeks before blooming. To 
reduce the number of leaves to a vine below that of the normally 
pruned vines, defoliation was employed. All the leaves on ten nor- 
mally pruned vines of Muscat of Alexandria and Monukka and four 
vines of Alicante Bouschet were removed two weeks before blooming. 
All clusters on the normally pruned vines were allowed to develop to 
maturity, since with this treatment crop is sufficiently controlled by 
the winter pruning. 

At the time the first flowers on the clusters opened, samples^ for 
analysis were collected. The average results for triplicate samples for 
reducing and total sugars, together with the percentage germination 
of pollen in 15 and 20 per cent sucrose media are given in table 3. 

The figures of table 3 indicate a positive correlation between the 
number of leaves to a vine and the sugar content of the mature 
flowers. In the Muscat of Alexandria the amounts of reducing sugars 

4 Parts of fifteen to twenty clusters were put togetlier for a single sample, 
which was weighed immediately and then plunged into boiling alcohol to wdiich 
a bit of calcium carbonate had been added. The extractions and reduction were 
carried out the same as with the wood samples. 
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TABLE 3 


The Effect of Numbek. o-f Leaves, to a Vine on the Percentage of Sugar 
Present in the Opening Plo'wers anb the Gerhinabiuty op Poulen 
IN Muscat op Alexandria, Alicante Bouschet, and Monukka 


Treatment 

Number of ieaves 
to a \*ine 

Uedueing sugars, 
per cent* 

Total sugars, 
per cent* 

Germination of 
pollen, per cent 


1027 j 1928 

1927 

1928 

1927 

1928 

i 

1927 

1928 


Muscat of Alexandria 


Cane-pruned | 

1,700 i 

1,950 

0.80 

0.97 

1.50 

1.67 

37.0 

38.0 

Normally pruned \ 

760 ; 

866 

.74 

.86 

1.33 

1.43 

12.0 

11.0 

Defoliated i 

0 

0 

.67 

.48 

1.09 

0.91 

3.0 

4.0 


Alicante Bousohet 


Cane-pruned. 

1,650 : 

+ 

+ 

.60 

.93 

1.08 

1.61 

43.0 

38.0 

Normally pruned i 

870 i 


.46 

.73 

0.88 

1.42 

12.0 

9.0 

Defoliated 

0 ! 

+ 

0,38 

0.39 

0.82 

0.64 

1.0 

3.0 


Monukka 


Cane-pruned | 3,600 

'Normally pruned 1 , 390 

Defoliated j 0 


0.61 

0.60 

0.38 


1.14 

1.08 

0.67 


46.0 

16.0 
5.0 


* Per cent of sugars on basis of the fresh weight. % Leaves not counted. 


present in the flowers of the normally pruned vines- 'with leaves was 
10 per cent larger than in the defoliated vines in 1927 and 80 per 
cent larger in 1928. The amonnt of total sugars in the flowers of the 
normaliy primed vines with leaves was 22 per cent larger than in 
the defoliated vines in 1927 and 56 per cent larger in 1928, The 
amount of reducing sugars in the flowers of the eane-pruned vines was 
19 per cent larger than in the defoliated vines in 1927, and 93 per 
cent larger in 1928; the amount of total sugars in the flowers of the 
eane-pruned vines was 38 per cent larger than in the defoliated vines 
in 1927 and 84 per cent larger in 1928. The results for Monukka and 
Alicante Bouschet indicate a similar condition with respect to sugar 
content, of .. the mature flowers. A -decrease . in number of leaves to a 
line was in each case accompanied by a decrease in the percentage of 
'su:ga.rs present. 

That the larger percentage of sugars present in the flowers im- 
proves their development is indicated by the figures on germinability 
of pollen. The pollen of the cane-pruned Muscat of Alexandria vines 
gave a germination of 37 and 38 per cent, that of the normally pruned 
vines 12 and 11 per cent, and that of the defoliated vines only 3 and 
4 per cent, respectively, for 1927 and 1928, The variation in the 
germination of the pollen of the other varieties was similar to that of 
the Muscat. ' ^ ''l 
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A further indicatiou of the improvement in flower development 
resulting* from the better nutrition is shown in figure 6. This figure 
shows average clusters of Alicante Bousehet taken from cane-pruned, 
normally pruned, and defoliated vines just after the berries had set. 
The clusters from both the cane-pruned and normally pruned vines 
set a normal crop of berries. The cluster from the cane-pruned vine, 
however, is much longer owing to the better nutrition it had during 
the later stages of its development. The average length of cluster of 
the cane-primed vines was 22.3 ± .05 centimeters, while that of the 


normally pruned vines was only 15.5 ±: .03 centimeters. On the con- 
trary, the clusters from the defoliated vines are shorter than those of 
the vines with leaves and only a few berries set. Both of these condi- 
tions may be attributed to poorer nutrition during the later stages of 
development of the clusters. In addition to the influence of the low 
percentage of sugars present in the flowers under this treatment on 
the development of the male parts of the flower, as shown by the 
germinability of pollen, there is indication that the female parts of the 
flower, too, are w^eakened. Although the pollen of these flowers was 
poor, there were vines with good pollen only twelve feet away which 
should have given these flowers, had they been susceptable to fertiliza- 
tion, a chance to set berries. 


Fig. 6. Tile effect of the number of leaves to a vine on the size of the 
clusters and the setting of the berries in Alicante Bousehet. A, Cane pruned, 
flower-eluster thinned, Kormally pruned, O, Normally pruned, defoliated. 
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Ib the ease of Monukka, not a single berry was set on the defoliated 
vines in either 1927 or 1928, even though their pollen gave a germina- 
tion of 5 per cent. This further indicates that the female as well as 
the male parts of the flowmr are weakened by the poorer nutrition of 
these vines. 

The Effect of Nutrition on Berry Setting and Development . — 
During a number of seasons data has been collected on the effect of 
nutrition, as influenced by the number of leaves to a vine, on the 
setting of the berries and further development of the clusters. The 
data for the seasons of 1927 and 1928 are given in table 4, 


TABLE 4 

The Effect op the Number, op Leaves to a Vine on the Setting op the 
Berries and the Development op Muscat op Alesanoria Clusters- 






Clusters 

Normal berries j 

Average 

Treatment 

, 

Ijeaves 
to a 
vine 

Crop to 
a vine 
(kilos) 

Num- 
ber to, 
a vinei 

Average 

weight, 

grams 

Average 

length, 

cm. 

I 

Number 
to a 
cluster 

Per 
cent of 
total 
berries 

weight 
of all 
berries, 
grams 

Non-pruned, with flower- 
cluster thinning 

3,400-i- 

25.9±0.66 

58 

474=fcl7 

28.0±0.5 

n6d=4.2 

93 

4.1d=0.06 

Cane pruned, with flower- 
cluster thinning — ............. 

1,700 

15.1±0.36 

38 

430=t24 

27.0±0.4 

124±5.2 

92 

4.2d=0.07 

Normally pruned (crop lim- 
ited by pruning) 

760 

13.7±0.57 

62 

2nd=13 

20.8±0.6 

45=t2.6 

68 

3.8=b0.09 

Severely pruned (crop re- 
duced by pruning) 

540 

8.9±0.41 

: 44 

200± 9 

20.0±0.6 

: 35=1=1.7 

63 

3.1d=0.11 

Normally pruned, defoliated* 
2 weeks before blooming..,. 

0 

5.8±0.25 

53 

105±11 

19.0±0.4 

29=h2.2 

1 

52 

1.8=1=0.07 


* Leaves arising after the berries had set were allowed to develop. 


The figures of table 4 show a positive correlation between number 
of leaves to a vine and the setting of the berries and the development 
of the fruit. In each of the measurements made there was a deteriora- 
tion in the clusters with a decrease in the number of leaves to a vine, 
except in two measurements in going from the non-pruned to the 
eahe-pruned vines. In these cases the very much larger crop of the 
non-pruned vines somewhat counteracted the hgnefieial influence, of 
the increase in the number of leaves to a vine. 

The decrease of crop below that of the non-pruned vines was 41 
per cent for the cane-pmned vines, 47 per cent for the normally 
pruned vines, 66 per cent for the severely pruned vines, and 77 per 
cent for the defoliated vines. The differences in the crop of the cane- 
pruned and non-pruned vines and that of the vines with other treat- 
ments was primarily the result of the poorer setting of the berries on 
the vines with fewer or no leaves. 
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The effect of the several treatments on the setting of the berries is 
shown by the number of normal berries to a cluster. The set of 
normal berries to a cluster on the normally pruned vines was 175 
per cent smaller than on the cane-pruned vines, and 158 per cent 
smaller than on the non-pruned vines. Severe pruning and defoliation 
two weeks before blooming reduced the number of normal berries to 
a cluster to 22 and 35 per cent, respectively, below that of the normally 
pruned vines. 

Accompanying the decrease in the number of normal berries to a 
cluster, as the number of leaves to a vine became less, there was a 
decrease in both the weight of cluster and the percentage of normal 
berries to a cluster. The clusters of the normally pruned vines 
weighed 104 per cent less than those of the cane-pruned vines, and 
125 per cent less than those of the non-pruned vines. Severe pruning 
and defoliation reduced the weight of clusters below that of the 
clusters of the normally pruned vines by 5 and 50 per cent respec- 
tively. The percentage of normal berries to a cluster was reduced by 
a decrease in the number of leaves to a vine in a similar manner to' 
weight of cluster, the magmitude of the reduction being somewhat less. 

The clusters of the cane-pruned and non-pruned vines were 35 and 
40 per cent, respectively, longer than those of the normally pruned 
vines. Severe pruning and deMiation have had little or no effect 
on length of cluster. This might be expected with defoliation, since 
the clusters attain their full length before the flowers are mature or 
before blooming, and hence before the leaves were removed from the 
vines which were defoliated. 

Despite the smaller crop and small number of berries to a cluster, 
there was a decrease in the average weight of berry with each 
decrease in the number of leaves to a vine. The berries of the cane- 
pruned and non-pruned vines were 10.5 and 8 per cent, respectively, 
heavier than those of the normally pruned vines, and severe pruning 
and defoliation reduced the weight of berry under that of normal 
pruning by 18.4 and 52 per cent respectively. 

The beneficial influence of a large number of leaves to a vine on 
the size of cluster and the development of the berries on Muscat of 
Alexandria is further shown in figures 7, 8, and 9. As indicated in 
figures 7 A and 8, the clusters of the cane-pruned vines are well filled 
with normal berries of uniform size. Figures 7B and 9 show that 
the clusters of the normally pruned vines are affected by eoiilure and 
that the berries are irregular in size, there being a considerable number 
of shot berries on each cluster. The cluster from the defoliated vines 
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fig. 7€' coiiiiired badly and show an increased tendency to millemnd- 
age— the setting' of small seedless (shot) berries. On these latter 
ciiisters the normally seeded berries are also small. 



■■I 


Fig. 8. An excellent crop of fruit on a single cane of a Muscat of Alexandria 
vine that was eane-pruned and on which the crop was controlled by flower-cluster 
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Fig. 9. The crop of a representative Muscat of Alexandria vine that was 
normally pruned. 


SUMMARY 

‘With Decreased Pruning the Amount of Carbohydrates Increases,— 
In the normal seasonal changes of the total carbohydrates of the vine 
there are two maxima and two minima. One of the maxima occurs in 
the dormant season and the other occurs during early summer. 

With a decrease in pruning the amounts of total earbohydrates 
present were increased at each maximum, the percentage increase 
being greater at the maximum in early summer. The severely pruned 
vines failed to show a maximum in the seasonal trend of carbohydrates 
during early summer. 

The larger amount of earbohydrates present during early summer 
with decreased pruning is primarily if not solely confined to the 
carbohydrates in solution — ^sugars. The amount of reducing sugars in 
the non-pruned vines of Muscat of Alexandria was 52 per cent larger 
than in the normally pruned vines on June 3, and the amount of total 
sugars 51 per cent larger. 

The effect of pruning on the amounts of carbohydrates present 
during early summer was most pronounced in the shoots. The 
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ainoimts of these materials present in tiie trunk and in the roots were 
infliieneecl very little. 

JVith Decre(.ised Priinmg the Growth is more Favorable to the 
Proclueiion cmd Accumulation of Carbohydrates. — The non-priined 
vines eoiitaiii three or four times as much redueing sugars and total 
carbohydrates at the beginning of the growing season than the 
iioriiially pruned vines. 

During early summer, the ratio of weight of shoot growth to 
weight of vine at the beginning of the growung season is much greater 
for the severely and normally primed vines than for the noii-pruned 
vines, while the ratio of weight of leaves to shoots is much less for the 
severely and normally primed than for the non-pruned vines. 

Total shoot elongation proceeds much more rapidly in the early 
growing season on the non-pruned than on the severely or normally 
pruned vines. During late May and June when the rate of total 
shoot elongation of the severely and normally pruned vines is increas- 
ing rapidly, that of the non-pruned vines is moderating. After July 
1 the non-pruned vines make very little additional shoot growth, while 
the shoots of the severely and normally pruned vines continue rapid 
growth for most of the season. 

The difference in rate of total shoot elongation during early 
summer supplies the non-pruned vines with a weight of leaves several 
times greater than that of either the severely or normally pruned vines. 
This is equivalent to a considerable increase in the season of leaf 
activity for the non-pruned vines. 

With Decreased Pruning the Bates of Growth and of Carhohydrate 
Nutrition are more Favorable to Fruiting, — Increases in number of 
leaves, especially during early summer, increased the percentages of 
reducing sugars in the mature flowers. In Muscat of Alexandria the 
amounts of reducing sugars in the flowers of the normally pruned 
vines with leaves was from 10 to 80 per cent larger than in the 
defoliated vines and the amount of total sugars 22 to 56 per cent 
larger. The amounts were still larger in the cane-pruned vines. The 
results with Monukka and Alicante Bouschet indicate a similar rela- 
tion of leaves to increased sugar content of the mature flowers. 

Accompanying the increase in the sugar content of the mature 
flowers there was a very marked increase in germinability of pollen. 
The germinability of the Muscat of Alexandria pollen was 3 and 4 
per cent on the defoliated, 12 and 11 per cent on the normally 
pruned vines with leaves, and 37 and 38 per cent on the eane-pruned 
vines, respectively, during 1927 and 1928. 
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The figures on germinability of pollen indicate a positive correla- 
tion between earboliydrate nutrition and the development of the 
male parts of the flow^er. Figures on the setting of the berries show 
a similar correlation between carbohydrate nutrition and the develop- 
ment of the female parts of the flowers. 

A decrease in the number of leaves to a vine (see table 4) has been 
accompanied by a smaller capacity for production, by a decrease in 
W’^eight of cluster, a decrease in the number of normal berries to a 
cluster, a decrease in percentage of normal berries to a cluster, a 
decrease in the length of cluster, and a decrease in the weight of berry. 
There was, moreover, a great increase in the tendency to eoulure in 
each of the varieties used, and to millerandage, especially in the 
Muscat of Alexandria. 
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..FAGTOES WHICH MODIFY THE EESISTAHCE 
OF WHEAT TO BUHT, TILLETIA TEITIGI^’ ^ 

FEED In . BEIGGSs 


In an earlier publication^-^ tlie author presented data which in- 
dicated that Martin wheat differs from such susceptible varieties of 
wheat as Wliite Federation and Hard Federation in one main domi- 
nant factor for resistance to bunt, Tilletia tritici, and that Hussar 
wheat differs from these susceptible varieties in two main factors for 
resistance, one of which was shown to be identical with the Martin 
factor. 

Because some susceptible plants nearly always escape infection it 
was necessary to classify Fo on the basis of percentages of bunt in Fg 
rows which w^ere growm from the seed of individual F^ plants. 
Although Martin and Hussar w^ere completely free froin bunted plants, 
there were not enongh bunt-free Fg rows to make up the resistant 
classes. A f rows with a low percentage of bunt had to be included 
in the resistant groups. At that time it was pointed out that the 
presence of a few diseased plants in resistant rows might be due to 
modifying factors. Also it was suggested that genetically resistant 
plants occasionally might become infected. Data now are available 

1 Cooperative Investigations of the Office of Cereal Crops and Diseases, 
Burean of Plant Industry, U. S. Department of Agrieultnre, and the Division of 
Agronomy, California Agrieultui*al Experiment Station. 

2 The writer acknowledges valuable suggestions from Dr. B. E. Clausen, 
Division of Genetics, University of California, and various members of the 
Office of Cereal Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture. 

Associate Pathologist, Office Cereal Crops and Diseases, Burean of Plant 
Industry, United States Department of Agriculture, and Associate in Agronomy, 
California Agricultural Experiment Station. 

^Superscript numbers in parentheses refer to ^tUiterature Cited, page ISi. 
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wliicii show that the first and probably the second of the above con- 
ditions prevail, in addition to the fact that the one or t’wo diseased 
plants in resistant rows occasionally may result from mechanical 
mixtures. 


METHODS AND MATEEIALS 

Plants were selected from row^s showing' between 1 and 5 per cent 
of bunt, with the view of obtaining selections which would breed true 
for a similar low percentage of bunt. Bunted plants occurring, in 
such rows rarely are completely bunted. Usually such x)lants will 
have two or more sound heads, with the result that seeds are avaiiable 
for propagation. 

The selections were grown in the field at University Farm, Davis, 
California. Conditions there favor such investigations, because rela- 
tively high bunt infection can be obtained when wheat is sown in the 
fall. Both spring and winter varieties may be seeded at that time 
without any danger of winter-killing, and with the assure nee that 
both types will mature in the following summer. 

The seeds were thoroughly blackened with bunt by placing an 
excess quantity of the spores with the wheat in a glass container and 
shaking vigorously. The inociiluni, TUletia tritici, was collected by 
Prof essor W. W. Mackie in 1917, on Little Club wheat in the Monte- 
zuma Hills district of Solano County, California. This collection was 
originally propagated by Professor Mackie on Little Club wdieat, in 
the Botany Garden at Berkeley, California. Since 1919 the wTiter 
has propagated hunt from this same eollection on Wliite Federation 
wheat at Davis, The inoeuliim used, therefore, has been derived from 
one Grigiiial colleetioii of bunt. This procedure was followed at first, not 
because it was suspected that there were phj^siologic forms of biiiit, but 
because this method offered an accessible and definite source of spores. 
•Physiologic forms of this fungus 'now are- known to exist.^^’ *’ The 
fact that the same collection of hunt has been used eontinuoiisly at 
Davis makes it reasonably certain that the same form or possibly 
mixture of forms has been employed in all the writer .^s investigations. 
This fact is,'indieated ' also by the constant way in which the . parental 
wheat varieties have reacted to this inocuhim. 

The seeds were spaced from 2 to 3 inches apart in rod rows one 
foot part. The entire nursery wms sown within 3 or 4 days in order 
to avoid the effects of different temperatures and soil moistures. The 
nursery always was sowm in a field where no wheat had been grown 
during the x^revioiis year, so that it Was almost entirely free from 
volunteer grain. 
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At iLar-vest time the plants in each row were pulled and separated 
into two piles : hunt-free and bunted. The total number of plants and 
the number of bunted plants were recorded and the percentage of 
infected plants calculated. A plant was classified as bunted if it 
showed any infection. 

The selections all were made from a cross of Hussar with Hard 
Federation. Hussar is one of the two varieties of wheat found to 
remain entirely free from hunt when inoculated with spores of 
Tilletia trifici in an extensive test conducted by the Washington, 
Oregon, and California Agricultural Experiment Stations in coopera- 
tion with the Office of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture.^®^ Hussar has 
been free from bunt over a 9-year period when inoculated with the 
bunt collection used in these experiments. It has been attacked by 
some collections of bunt used elsewhere,^®’ Hard Federation is very 
susceptible to bunt under the conditions of these experiments, as may 
be seen from the data in table 1. 

TABLE 1 

Anxual Percentages op Bunted Plants in Hussar anb Hard Pederation 
Wheats in the 9 Years prom 1920 to 1928, at Davis, California 


Percentage of bunted plants 


Variety 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

9-year 

average 

Hussar 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hard Federation 

89.7 

62.4 

53.3 

61.4 

82.1 

59.8 

83.7 

84.2 

84.6 

73.4 


There is considerable variation in the percentage of bunted plants 
in Hard Federation from year to year. Similar fluctuations are ex- 
hibited by other varieties, and probably are due to seasonal differences. 
During the nine years, a total of about 100 rod rows of Hussar and 
Hard Federation have been grown. 

The selections used in these experiments were made from F^ rows 
of a cross of Hard Federation with Hussar, made in 1921, for the 
purpose of studying the inheritance of resistance to bunt. Only the 
four selections which have been studied most extensively will be con- 
sidered in this paper. Pour rather certain cases of mechanical mix- 
tures occurred in these experiments. It was easy to detect mechanical 
mixtures because the most extensive plantings were made in F^ and F-^ 
and the families therefore were homogeneous for most visible char- 
acters. There was a little evidence of field hybridization, but the 
data are fragmentary and therefore will not be presented. 
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EXPERIMENTAL RESULTS 

Tlie data may be examined to determine whether the occurrence of 
a f€i¥ bunted plants in a resistant row is due (a) to the fact that 
genetically resistant plants occasionally may become infected, or (5) 
to the presence of modifying factors. 

TABLE 2 

Percentage op Benteo Plants Peoduceoo by Selections prom Row 478 op the 
p4 OP Hash Eeoeration x Hxjssae. 

Wheats 
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111 1925, row 478 contained one partly bunted plant in a total of 38, 
or 2.8 per cent of bunted plants. The results obtained by propagating 
the partly bunted plant and one of the bunt-free plants may be seen 
in table 2. 

In 1927 four rows produced a considerable percentage of bunted 
plants, but they were so obviously different in morphologic characters 
that they were discarded as rogues. The good seed produced by the 
partly bunted plant in 1925 were sown in row 33 in 1926, but no 
bunted plants resulted. The seeds from 27 plants were sown in 1927. 
One row contained one partly bunted plant, the seeds from which 
produced all healthy plants in 1928. The seed from nine sibs likewise 
gave rise to no diseased plants. 

A bunt-free plant selected from row 478 in 1925 and propagated 
in row 32 in 1926 produced no bunted plants. Forty-three selections 
of its descendants grown in 1927 and 1928 also were free from bunt. 

Certainly, the two rows which produced bunt in the above exper- 
iment are nearly, if not quite, as resistant as their sibs. For practical 
purposes these rows might be considered as resistant genetically as 
Hussar, even though the one row containing bunt in 1927 was a direct 
descendant of the partly smutted plant produced in 1925. If the smut 
appearing in this line is due to modifying factors, the effect is very 
slight. 

Numerous selections have been grown for two or more years with- 
out the production of a single bunted head. In fact, the majority of 
resistant selections obtained from crosses of Martin and Hussar with 
susceptible varieties resemble the resistant parents in that they never 
produce any bunt. 

If the low percentage of bunt in resistant Fg rows is due to the 
action of modifying factors, it should be possible to select lines of 
wheat which would breed true for this character, A selection was 
sought which would allow less than 5 per cent of bunt to develop. 
That such a selection has been obtained may be seen from the data 
intable:3. ' 

Row 1415 contained one partly bunted plant in 1925. Seeds from 
this partly smutted plant and from one bunt-free plant were sown 
and plants grown in the following year. Row 112, from the seed 
of the partly bunted plant, contained 2.2 per cent of bunted plants in 
1926. Row 111, from the seeds of the bunt-free plant, contained no 
bunted plants. However, in 1927, the progenies from plants of row 
112 contained an average of 3.2 per cent of bunted plants. Similar 
progenies from plants of the bunt-free row 111 contained an average 
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TABLE 3 

Pesceotage op Bun-ted Plants Prodtjced by Selec'tiO'Ns from: Eow 1415 op 
Harb Eederatioit X Hussar 
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of 2.9 per cent of diseased plants. Similar results were obtained in 
1928, but tbe actual percentages of bunted plants were lower. 

In 1927, selections were made from bunt>free rows, from rows con- 
taining about 2 per cent of bunt, and rows containing near tlie maxi- 
mum percentage of bunt produced in that year. In general, selec- 
tions from rows containing no diseased plants appear to produce a 
lower average percentage of bunt than selections from rows eontaming 
tlie bigber percentages of bunt. Also populations from partly bunted 
plants usually have a bigber average percentage of bunt than popula- 
tions from bunt-free sibs. However, all the selections from row 111, 
of 1926, contained an average of 1.15 per cent of bunt in 1927 and 
1928, as compared with 1.20 per cent in selections from row 112, wbieb 
was grown from tbe seed of a partly bunted plant. 

Tbe variation in tbe percentage of bunt in rows from tbe same 
parent was greater in 1927 than in 1928. This suggests that these 
differences probably are due to environmental influences. The fact 
that rows containing tbe bigber percentages of bunt in 1927 usually 
produced progeny having slightly bigber percentages in 1928 might 
indicate that a greater number of modifying factors are present in 
these rows, or possibly that factors with a greater effect are involved. 
Because of environmental influences it is impossible to get an exact 
expression of the influences of these factors/and therefore it is 
undersirable to draw too fine distinctions. 

That the effects of modifying factors may be considerably greater 
than those just considered may be seen from tbe data in table 4. 

In 1925 row 1417 contained one partly bunted plant. Plants 
from the seeds of this partly bunted plant and from one bunt-free 
plant were grown in 1926, and their progenies in 1927. The partly 
bunted selection (row 117) gave rise to lines very similar to those 
shown in table 3> However, the bunt-free selection (row 116) pro- 
duced one partly bunted plant out of a total of 21, or 4.8 per cent. 
Plants from the seeds of this partly bunted plant, together with those 
from 16 bunt-free plants, were grown in 1927. The row (No. 152) 
from the seeds of the partly bunted plant contained 40 per cent of 
bunted plants. The rows from the bunt-free plants produced from 0 
to 25 per cent of bunt in 1927. Selections from row 165, with no 
bunt, and row 158, with 1.9 per cent of bunt, produced lines'in 1926 
similar to those already considered in table 3, 

Selections from row 156, which contained 22.9 per cent of bunted 
plants, produced an average of 5.1 per cent of diseased plants in 1928. 
The 22.9 per cent of bunted plants in row 156 at first suggested that 
it must have resulted from a natural cross with soime susceptible plant 



TABLE 4 

PEECEXTAGE of BuKT'ED PLiJN’TS PRODUCED BY SeUECTIOUS FROM P 4 KOW 1417 
OP Hard Federation x Hussar 








Nov., 1929] Briggs: Factors Modifying Besistance of Wheat to Bunt 


183 


and was lieterozygous for resistance. However, it differed in one 
important respect from lieterozygous rows previously observed. In 
lieterozygous rows resulting from a cross between a susceptible and 
a resistant wheat from a third to a half or more of the diseased plants 
are completely bunted, and consequently produce no seed. On the 
other hand, all the diseased plants in row 156 were only partly 
bunted, and seeds from them were used for growing plants in 1928. 
In fact, almost without exception the diseased plants in all the selec- 
tions in these experiments were partly bunted. That row 156 did not 
come from a heterozygous plant will be seen from the results obtained 
in 1928. Because considerably more bunt was produced in this 
family than in any of the other families, the results suggest that 
probably a larger number of modifying factors are present, or per- 
haps that the modifying factors present exert a greater effect. 


DISCUSSION AND CONCLUSION 

It is beyond the scope of this paper to review or discuss in any 
detail the literature dealing with modifying factors. The effects of 
modifying factors are frequently met with in genetical experiments, 
and they have been referred to on numerous occasions in the litera- 
ture. 

Serious attention first was attracted to modifying factors by the 
controversy in genetic circles arising over the belief that the hooded 
factor in rats was very unstable. Starting with a common foundation 
stock, Castle, by selecting in the minus direction, practically elimi- 
nated the colored areas, whereas in the plus direction he produced a 
race which was almost seK-colored. As Castle had previously found 
that hooded pattern differed from self -color in a single recessive 
factor, he believed that the selection experiments showed that selec- 
tion had altered the hooded factor. The adherents to the multiple- 
factor hypothesis, on the other hand, held that the hooded factor 
simply is necessary for the development of the hooded pattern, but 
that the degree of pigmentation may be modified by numerous other 
factors. Castle himself eventually demonstrated the correctness of 
the multiple-factor hypothesis. 

In general, the effects of modifying factors are seen most frequently 
in connection with quantitive characters. In such material it is diffi- 
cult to distinguish clearly between the actions of these factors and the 
effects of environment. Consequently, the study of modifying factors 
has been an unattractive field. In practically all cases nothing definite 
is knowm about them beyond the fact tibat they do exist. 
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Bridges^ seems to liave reported the o^nly extensive study of 
modifying factors. In Drosophila studies he found eight' specific 
modifiers of eosin eye color. He not only demonstrated the existence of 
modifying factors for eosin eye color, but alsO' studied them individ- 
ually, showing that they differ in no essential respects from other 
factors. Also he located some of them on the chromosome map. 

The data presented in this paper demonstrate the presence of 
factors which modify the resistance of wheat to bunt. This informa- 
tion should make possible a more complete understanding of the re- 
sults obtained when a bunt-resistant wheat is crossed with a suscep- 
tible one. The occurrence of a low percentage of bunt in resistant Fg 
rows is explained adequately. Furthermore, these data suggest a pos- 
sible explanation for a part of the variability met with in rows of 
other genotypes. Heterozygous and homozygous susceptible Fg rows 
vary eonsiderably in the percentage of bunt which they contain. No 
doubt a considerable amount of this variation is due to environmental 
influences. However, it is reasonable to suppose that a part of it may 
be due to modifying factors. 
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AN EXPERIMENTAL STUDY OF TESTS FOR THE 
DETECTION OF CARRIERS OF 
BACTERIUM PULLORUM 

S. T. MIOHAELi ANB J. R. BEACH2 


INTRODUCTION 

A review of the literature of the last decade shows that investi- 
gators are far from being in ■ananimons agreement regarding the 
value of tests for the detection of fowls that are carriers ot B act erium 
puUorum. Following the findings of Jones^^^ in 1912, that the agglu- 
tination test was of value for this purpose, this test came into exten- 
sive use in some sections of the country. 

The rather complicated procedure of performing the agglutination 
test has undoubtedly been an important factor in retarding its more 
general employment throughout the United States for the eradica- 
tion of Bacterium pullorum infection in breeding fowls. In addition, 
the accuracy of the test has recently been questioned by several in- 
vestigators, particularly B. A, Beach, Halpin, and Lampinan,^^^ J. R. 
Beaeh,^^^ Pitch and Lubbehusen,^^^ and Newsom, Cross, and Ufford,^®^ 
who have shown conelusively that a negative reaction to the agglutina- 
tion test does not always indicate freedom from Bacteriumi pvllorum. 
infecU^^ These factors have stimulated attempts to develop a test 
of equal or greater accuracy but simpler in application than the 
. agglutination test. 

In 1917, Ward and Gallagher^®^ reported upon an intraderinal 
test for detecting the carriers of Bacterium pidloriim. These inves- 
tigators used a broth culture of Bacieri%m pidlorum, which was incu- 

1 Beseareli Assistant in Veterinary Science. 

2 Associate Professor of Yeterinary Science and Yeterinarian in tlie Exper- 
iment Station. , 
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bated for about a montb, carbolized, and stored for several weeks 
longer. This was injected intradermally into the margin of the 
wattle. A positive reaction consisted of a swelling of the injected 
wattle which persisted for at least twenty-four hours. Similar exper- 
iments have since been conducted by a number of investigators, includ- 
ing Seherago and Benson, J. R. Beach/®^ Puller, Brunett,^^®^ 
Cernaianu,^^^^ Edington,^^-^ Broerman,^^®^ Graham and Tunni- 
eliff/^^» Edwards and Hull,^^^^ Gwatkin,^^^^ Stafseth and Thorp, 
Biishnell and his associates, B. A. Beach, and Owen.^-^^ 
Interest in the intradermal test wms further stimulated in 1926 and 
1927, when various manufacturers of biologic preparations began 
marketing, under the name of ^pullorin’ products for testing poultry 
for Bacterium' puUo7'um infection by the intradermal method. Var- 
iable results have been reported by the different investigators, but 
their findings for the most part indicated that the intradermal test 
was less satisfactory than the agglutination test. 

With few exceptions, the experiments previously mentioned were 
concerned with one type of preparation for intradermal use and, con- 
sequently, studies of the relative value of different types of such 
preparations have been lacking. Furthermore, the result of the 
agglutination test has been the principal criterion of the merits of the 
intradermal test, whereas this should more properly consist of the 
bacteriological findings alone. It was with these considerations in 
mind that the studies reported herein were undertaken. 

METHODS USED IN THE EXPERIMENTS AT THE CAIilPOR- 
NI A AGRICULTURAL EXPERIMENT STATION 

In these experiments four types of preparation for inti'adermal 
testing were used, i.e., concentrated, precipitated, cell suspension, and 
cell solution. For the sake of brevity, these will be designated by the 
proprietary name of 'pullorin'. Part of the pullorins employed were 
secured from outside sources and part were prepared in our labora- 
tory. Some of the fowls that were tested came from commercial 
flocks; others were of those used at the Experiment Station. All the 
birds were subjected to the intradermal and agglutination tests simul- 
taneously and were later destroyed for post-mortem and bacteriological 
' examinations. , , ' 

The pullorin was injected intradermally into the lower margin of 
the right wattle. An attempt was made to produce a swelling, about 
the size of a wheat kernel, at the point of injection. The readings 
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were made after twenty-four hours. The scheme of reading intrader- 
mal reactions followed by Graham® in his experiments with the pullo- 
rin test was used. This is illustrated in figure 1. 

The agglutination tests were set in dilutions of 1-25, 1-50, 1-100, 
and 1-200. Complete agglutination in any one of the four tubes was 
considered as a positive reaction.^ 

Upon completion of the intradermal and agglutination tests, the 
fowls were killed and examined. Lesions occurring in any organ were 
noted and cultured and, in addition, cultures were made of heart 



Pig. 1. Illinois Experiment Station diagram of reactions to pullorin. The 
clear center space indicates the thickness of a normal wattle. The shaded portion 
indicates the swelling resulting from the injection of pullorin. 

blood, liver, and ovaries (of hens) or testicles (of males), whether or 
not lesions were present. Each culture was made in duplicate in 
bouillon and cooked blood agar. All the cultures which presented 
Gram-negative rods were planted in glucose, mannite, maltose, sac- 
charose, and lactose broth, each containing 1 per cent Andrade’s indi- 
cator. Those that fermented glucose and mannite only were recorded 
as Bacterium pullorum; strains producing acid alone were termed 
anaerogenie, those producing both acid and gas, aerogenic. 

Only pullorin of the precipitated or powdered type was secured 
from an outside source. This was dissolved in sterile water or sterile 
water containing 0.5 per cent phenol, just before use. Part of the 
pullorin was purchased from a commercial laboratory and part was 
furnished by Dr, Robert Graham of the Illinois Agricultural Exper- 
iment Station. 

3 Graham, E., Personal communication, 1928. 

Technique of the agglutination test.— A culture (No. 9) of Bacterium ' pullo- 
mm ot known good agglutinating qualities was used for the antigen for all of 
the tests. This antigen was prepared by washing off a 48’hour growth of 
Bacterium pullorum in agar flasks with 0.85 per cent saline solution containing 
0.5 per cent phenol; 1 cc of Ni NaOH was added to 100 ec of antigen, aecording 
to Mailman ^sC 24 ) recommendation, to eliminate cloudy reactions. It was stand- 
ardized to the density of 4.5 cm by the Gates^ nephelometer. 

The tubes were incubated at 37® G for 24 hours. Eirst readings were made 
after this period. They were then held at room temperature ^ for another twenty- 
four hours and, at the termination of this time, the final reading was madei ^ 
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TESTS WITH THE COmiBECIAL PULLORIN 

Eiglity-five white leghorn hens, secured from a poultryiiiaii, were 
tested with this prodiiet and. by the agglutination test, and were killed 
and examined after the tests were completed. All of the hens had 
previously reacted to an agglutination test. The results are given in 

table 1. 

TABLE 1 


Comparison* op the Eesults op Tests with a Commercial. Precipitated 

PULLORIN ANT> BY THE AGaLUTINTATION* METHOD, AND OP PoST-MoRTEM 

Examination of So Hens 


Results of 
pullorin 
tests 

Results of 
agglutination 
tests 

Macroscopic 

lesions 

present 

Bacterium 

pullorum 

isolated 

Number of 
fow4s 

Per cent of 
total fow'ls 

4-^ 

+ 

+ 

4- 

52 

61.1 


+ 

4-3 


2 

2.3 


+ ■ 

— 

-- 

1 

1.1 



+ 

—6 

3 

3.5 



— 


5 

5.8 

- 

+ 

+ 

1 4-' 

18 

21.1 

- 


- 

1 ~ ■ 

4 . 

4.7 


1 The reactions of 35 fowls were recorded as Pi, of 13 as P 2 , and of 4 as Pa. The swelling involved 
both, wattles of one' of the Ps fowls. ■ ■ ' 

s The reaction of 1 fowl was recorded as Pi, of 1 as Pa. 

® Abnormal yollcs found in one, fibrinous pericarditis in the other. 

^ The reaction of this fowl was recorded as Pi. 

® The reactions of 2 fowls W’ere recorded as Pi, of 1 as Ps. 

9 Bacillm coli obtained in cultures from abnormal yolks of one bird and from a small abdominal 
cyst of another. The third bird had an abdominal cyst, the culture from which remained sterile. 

7 The reactions of all five fowls were recorded as Pi. 

The data presented in table 1 show a marked discrepancy between 
the results of the pullorin tests and the bacteriological findings. Such 
discrepancy, but mueh less marked, is also seen with respect to the 
results of the agglutination test. This is brought out more clearly by 
further summarming of the data. Thus, of the 70 bacteriologically 
positive fowls, 52, or 74.2 per cent, were detected by the pullorin test, 
while all of them gave a positive reaction to- the agglutination test. 
Of the 15 bacteriologically negative fowls, 11, or 73.3 per cent, reacted 
to the pullorin test, and 3, or 20 per cent, reacted to the agglutina- 
tion test. These resnlts indicate that the reactions that resulted from 
the intradermhl injection of this pullorm were, to a large extent, nom 
specific. Another objectionable feature of the pullorin tests is that 
with 43 of the 63 positive reactions, the degree of reactions was slight 
(Pj). This made a definite reading difficult in many cases. 
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TESTS WITH THE PULLORINS OBTAINED PROM THE 
ILLINOIS AGRICULTURAL EXPERIMENT STATION 

Five lots of powdered precipitated piilloriii were received from 
this source. These were designated as Nos. 27, 28, 30-A, 5400-E, and 
5463-P. Two hundred and thirty>five fowls were tested with these 
pullorins and by the agglutination method, and were later killed for 
post-mortem examinations. 

The fowls consisted partly of hens secured from poultry farms 
and partly of 3 to 4-months-old White Leghorn cockerels. Some of 
the hens were reactors from flocks w-hich had been previously tested 
by the agglutination method and some were birds that were culled 
from flocks because of non-productiveness. The cockerels were ex- 
pected to be free from Bactermm pidlomm infection, but were in- 
cluded when all of a group of hens to be tested had previously reacted 
to the agglutination test in order to provide adequate controls for 
the specificity of the reactions resulting from the injection of pullorin. 
The results are given in table 2. 

In table 2, it is seen that there was very close agreement between 
the results of the tests with pullorins 27 and 28, the results of the 
agglutination tests, and the results of the post-mortem and bacterio- 
logical examinations of the 92 fowls. The results from the other three 
pullorins, however, were less satisfactory, 

Pullorin 30-A detected 18, or 75 per cent, of the 24 bacteriologically 
positive fowls and caused a reaction in 8, or 21.6 per cent, of the 
bacteriologically negative fowls. The results of the agglutination test 
and the bacteriological examination of the same fowls were in perfect 
agi'eement. 

Pullorin 5400-E caused a reaction in 12, or 92.3 per cent, of the 13 
bacteriologically positive fowls and also in 20, or 58.8 per cent, of the 
34 baeteiiologically negative fowls. One of the bacteriologically nega- 
tive fowls reacted to the agglutination test, but otherwise the results 
of the agglutination tests and bacteriological examinations of the 61 
birds. coincided. ' 

Pullorin 5463-P caused a reaction in all of the 11 bacteriologically 
positive fowls and also in 15, or 62.5 per cent, of the 24 bacterio- 
logically negative fowls. With the exception of the reaction of one 
bacteriologicaily negative fowl, there was perfect agreement between 
the results of the agglutination tests and the bacteriological findings. 

From the preceding, it is seen that there was a marked variation in 
the performance of the five lots of the same type of pullorin from the 
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same source. Tlie reactions produced hj two of tliem appeared to be 
MgMy specific in detecting carriers of Bacterium pullortim. The other 
three, however, exhibited such a high degree of non-specifieity of 
reaction that they could not be regarded as of much value for that 
purpose. 

TABLE 2 


EEsruTS OP Tests with Ilitn-ois AoRJcunTitmAL Experiment Station Pullorin, 

AND BY THE AGGLUTINATION METHOD, AND OP PoST-MoRTEDM EXAMINATION 

OF 235 Eowls 


I 

Pullorin 

No. 

Number 
of fowls 
tested 

Results of 1 
pullorin 
tests 

Results of 
agglutina- 
tion tests 

Macroscopic 

lesions 

present 

Bacterium 

pullorum 

isolated 

Number 
of fowls 

Per cent 
of fowls 




+ 

-b 

4- 

242 

55.8 

27 ■ 

43 : 

- 

-f- 1 

+ 

™3 

12 

2.3 



- 


- 

- 

184 1 

41.8 



+5 

-f 

4- 

4- 

222 

44.9 




+ 

+7 

— 7 

1 

2.0 

28 

, 49 

+ 8 

— 

4 - 

4- ■ , 1 

1 

2.0 



— 


4- 

+ I 

2 

4.1 



” 

_ 

- 

““ 

234 

46.9 




+ 

+ 

+ 

182 

29.5 



+10 

— 

— 

— 

811 

13.1 

30-A 

61 

- 

+ 

+ 

4- 

62,12 i 

9.8 



“ 


- 

_ 

2912 

47.5 



+14 

+ 

+ 

4- 

12 

25.5 


■ 

+16 

+ 

— 


1 

2.1 

5400-E 

4718 

+17 i 

— 

— 


19 

40.4 




+ 

+ 

4- 

1 

2.1 



- 


~ 

1 - 

14 

29.7 



+ IS 

+ 

4- 

+ 

11 

31.4 

M83-F 

3516 i 

+ia 

+ 

4- 

- 

1 

2.8 



+20 

— 

— 

— 

14 

40.0 



- 

- 

- 

- 

9 

25.7 


1 8 reactions recorded, as Pi, 13 as Ps, 3 as Pa. 

2 Fowls that had reacted to a previous agglutination, test. 

® Bacillus coH isolated from abnormal yolks. 

, * Control cockerels. 

® 10 reactions recorded as Pi, 10 as Ps, 2 as Pa. 

® 'Reaction recorded as Pi. ' 

^ Lesions consisted of cysts attached to the oviduct. B, aoli isolated from cysts. 

.» Reaction recorded ,as Ps. 

® 7 reactions recorded as Pi, 7 as Pa, 4 as Pa. 

4 reactions recorded as Pi, 4 as Pa. 

Includes 4 hens and 4 control cockerels. 

** Included 1 old male. Testes small and hard. Bacterium pullorum isolated from testes. 
3 hens and 28 control cockerels. 

4, reactions recorded as Pi, 3 as Ps,' 4 as Fj, and 1 as P4. 

® Reaction recorded as Pi. ' 

All hens that had been culled because of non-productiveness. Not previously tested. 
'9' reactions recorded as Pi, 8 as P*, 2 as Pa. ' 

“ 3 reactions recorded as Pi, 4,asPs, 3 as Pa, l as Pi. 

Reaction rworded as Ps, 
lOneactions recorded as Pi, '4 as Pa. 
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Tlie degree of reactions produced by these piillorins was, in a 
majority of instances, sufficient so that the readings could be easily 
made, 56 of the 88 positive reactions of the bacteriologically positive 
birds and 19 of the 44 reactions of the bacteriologically negative birds 
being recorded as Po or greater. In this respect, the performance of 
these pullorins was more satisfactory than that of the commercial 
pullorin. 


TESTS WITH PULLORINS PREPARED AT THE CALIFORNIA 
AGRICULTURAL EXPERIMENT STATION 

For these tests four types of pullorin were prepared. These are 
concentrated, precipitated, cell-suspension, and cell-solution, and are 
designated as pullorin A, R, C, and D, respectively. The methods of 
preparation are as follows : 

Pullorin A (Concentrated) . — This was prepared by the method of 
Graham,® which is similar to the method of preparation of tuberculin. 
Bacterium pullorum was grown in bouillon for a period of two months. 
At the end of this time, it was tested for purity, killed by heating for 
one hour at 60® C, filtered through sterile cotton, and the filtrate 
reduced to one-tenth of its original volume by heating over the water 
bath at 80^ C, and autoclaved for 20 minutes at 15 pounds pressure. 
To the concentrated puUorin, an equal amount of 0.85 per cent sterile 
salt solution was added just before making the intradermal test. 

Pullorin B (Alcohol Precipitate) .-—Concentrated pullorin for this 
purpose was kindly furnished by Dr. F. W. Wood of the Cutter 
Laboratories, Berkeley. It had been prepared by growing Bacterium 
pullorum in glycerin-bouillon for a period of 3 months. Precipitation 
was carried out by the method suggested by Graham® in making pow- 
dered pullorin. One part of concentrated pullorin was added to 
20 parts of absolute alcohol, the precipitate washed three times in 
absolute alcohol and three times in sulphuric ether, and dried in jars 
over calcium chloride. For intradermal tests, 20 per cent solution 
of the powdered pullorin by weight in sterile 0.85 per cent salt solution 
containing 0.5 per cent phenol was used. The solution was slightly 
cloudy and amber in color. 

Pullorin C (Cell-Suspension). — This product was obtained by 
washing 48-hour agar cultures of Bacterium pullorum in sterile 0.85 
per cent salt solution. The organism used was an aerogenic strain 
(No, 9) originally isolated from a baby chick. After washing and 


5 Graham, B. Personal eommunxeation, 1928. 

6 Graham, E., Personal communication, 1928. 
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ceiitrifiig*iiig tlree times the sediment was re-suspended in sterile 0.85 
per cent salt solution, containing 0.5 per cent phenol. The liea.vy 
suspension was (liliited and standardized by means of the Gates’ 
neplieloiiieter. Pour dilutions were made with respeetiTe densities of 
1, 2, 3, and 4 cnn The four bacterial suspensions were placed in the 
Arnold steriliger at 60"^ C. ' At the end of one hour, they were re- 
moved, cooled, and tested for sterility by inoculating a few drops of 
the suspension^ into tubes of bouillon and blood agar. These were 
then incubated at 37^ C for 24 hours and, were found to be sterile. 

Fullorin I) (Cell -Solution Product) —The technique in the prepa- 
ration of this pullorin is the modification by Schoenholz and 
Meyer^“"’^ of tie procedure suggested by Zinsser in the preparation of 
tuberculin and ahortin. In the preparation of pullorin, certain 
deviations 'were auade from the technique of the first two workers. 
The 72-lioiir growth of Bacterium pidlorum on blake bottles con- 
taining agar washed off with 0.85 per cent salt solution, centri- 
fuged and ■washed three times, and re-suspended in sterile, distilled 
water. At this time it was tested for purity. The density of the 
suspension w^as measured by Gates’ method and found to be approx- 
imately 2 mm. To this heavy suspension enough normal sodium 
hydroxide solution was added to bring the reaction to pH 9.2, and it 
wms then shaken for t'wo hours and neutralized with normal hydro- 
cMoric acid solution, after which it was placed alternately in crushed 
solid carbon dioxide and in boiling water. In this manner it was 
frozen and thawed sueeessively about thirty times. The freezing 
process was hastened by the addition of ether to the carbon dioxide. 
The smears of the suspension were examined at this time and the 
organisms appeared to be broken up and amorphous. In this process 
of autolysis of the bacterial cells, the suspension w^hieh was originally 
milky-white in color took on a yellowish tinge. It was passed through 
a Seitz filter. The filtrate w’^as a clear, slightly amber-colored fluid. 
This was used in the intradermal tests, after first being tested for its 
primary toxicity. Along with it, pullorins A, and C were also 
tested to determine W'hether any false reaction might occur in appar- 
ently normal birds. These tests' consisted in making intradermal^ tests', 
with the pullorins and agglutination tests of nine normal cockerels. 
The results "are given in table 3. 

From table 3, it is seen that the toxicity tests failed to show that 
any of the pullorins used would produce a non-specific reaction and 
that the cockerels were negative to the agglutination test and to the 
bacteriological examination. Since none of the type G pullorins 



Kov., 1929] Michael-Beaeli : Detection of Carriers of Baeterium FuUorum 193 


TABLE 3 


Res.itl.ts op Toxicity Test op Pct^lorins 


Band 

No. 

Type of 
pullorin used 

Pullorin 

reaction 

Agglutination test reactions 

Post- 

mortem 

examina- 

tion 

Bacterio- 

logical 

findings 

1~25 

1-50 

1-100 

1-200 


A 









2826 

Concentrated 

- 

- 

- 



- 

: - 

- 


B 









2827 

. Precipitated 

“ 

: - 

: ~ 

- 


- 

- . 

“ 


C 









2817 

Cell-suspension 

_ 

■ - 

- 

- 



; ~ 

- 

2800 

density 1 cm 

- 

_ 

- 

- 


- 

— 

- 


C 









2815 

Cell-suspension 

-- 

- 

- 

~ ■ 



- 

- 


density 2 cm 










C 









2813 

Cell-suspension 



- 

- 


- 

- 

- 


density 3 cm 










C 









2810 

Cell-suspension 

- 

- 

' - 

- 



- 

- 


density 4 cm 









2831 

D 


_ 




— 


_ 

2835 

, Cell-solution 






~ 




caused a non-specifie reaction, the one having the greatest density 
(1 cm) was selected for use in subsequent tests. 

Preliminary Tests . — For these tests, artificially infected birds were 
used. Each bird of three groups of 17 cockerels received 1 cc each of 
live suspension of BncteHum pullorum. Group I was injected intra- 
peritoneally, Group II inti'amuseularly, and Group III intravenously. 
Two weeks later, all the cockerels were bled for the agglutination test 
and were given the intradermal test with pullorins J., and C. The 
intradermal reactions were read after 24 hours. Following this, all 
the birds were killed and examined. The results are given in table 4. 

Table 4 illustrates that while agglutinins were formed in the blood 
of some of the cockerels, the negative bacteriological and aiitopsy 
findings showed that there was no infection present. The failure of 
puUorins to cause an intradermal reaction in spite of the presence of 
agglutinins is in aeeordance with the contention of Baldwin and 
Krause as quoted by Fleischner, Meyer and Shaw^-®^ ^*that cutaneous 
hypersensitiveness is never present without a focus”; in other words, 
an anatomical foothold of infection is necessary to elicit a skin 
reaction. 
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TABLE 4 

Results op Pullorin*. and AGOLOTiiTATiORr TestSi ano op Post-Mortem: 
ExAMIN-ATIOK op ARTIFiCIAIJliT-IlSrPECTED COCKEREES 


Mode of 
infection 

i 

Type of 
puUorin 

i 

Number 
of fowls 
tested 

Results of| 
pullorin 
test 

Results of 
aggluti- j 
nation 
test 

Macro- 
scopic j 
lesions 
present 

Bacterium 

pullorum 

isolated 

Number 
of fowls 

Intramuscular 

A 

17 

_ 

4* 

— 


3 


Concentrated 


- 


- 

- 

14 

Intraperitoneal 

B 

17 

_ 

-h 

— 

_ 

9 


Precipitated 


- 

- 

- 

- 

8 

Intravenous 

C 

17 

_ 

1 -f 

1 — 

_ 

1 10 


Cell-suspension 


- 

- 

- 

“ 

7 


PuUorm Tests of AdtiU Mens . — Two hundred and fifty hens were 
used in this experiment. One hundred forty-six were White Leg- 
horns which had been culled from a commercial flock because of 
non-productiveness and which had not previously been tested ; 19 — 
of which 17 were Khode Island Reds and 2 White Leghorns — ^were 
reactors from a flock that had been previously tested by the agglutina- 
tion method, and 85 were White Leghorns that had been used for 
experimental agglutination tests. 

In making the intradermal tests, no attention was paid to the 
previous agglutination records. Hens were bled for agglutination 
tests simultaneously with the pullorin test. The summary of results 
obtained with different puUorins and records of agglutination tests 
with bacteriological findings are presented in table 5. 

From the data given in table 5, it is seen that the results of the 
agglutination tests coincided closely with the bacteriological findings. 
Of the entire 250 birds tested and examined, disagreements were 
encountered only in the case of 3 bacteriologically positive birds that 
failed to react and of 2 hacteriologically negative birds that reacted 
to the agglutination test. , 

There was considerable variance in the accuracy of the results 
from the different pullorins. The concentrated pullorin detected only 
4 (444 per cent) of the 9 bacteriologically positive birds and caused 
a reaction in 8 (13.6 per cent) of the 58 hacteriologically negative 
birds. , , 

The precipitated puUorin failed to detect the 2 birds that were 
bacteriologically positive, and caused 10 (32.2 per cent) of the 31 
bacteriologically negative birds to react. 

The ceil-suspension puHorin caused a reaction in 13 (92.8 per 
cent) of 14 baeteriologically positive birds and also in 22 (53,6 per 
cent) of 41 bacteriologically negative birds. 
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TABLE 5 

COMFAEATIVE RESULTS OP TESTS WITH CONCENTRATED, PRECIPITATED, ClM.- 
SUSPENSION, AND CEUtsSoLUTION PuLLORINS AND BY THE AGOLUTINATION 
Method, and- op the Post-Mortem Examination op the 
Eowls Tested 


Type of 
pullorin 

Number 
of fowls 
tested 

3les®alts of 
pmSlorin 
list 

Results of 
agglutina- 
tion test I 

Macroscopic 

lesions 

present 

Bacterium 
pullorum j 
isolated 

Number 
of fowls 

Per cent 
of fowls 



r , 

+ 

+ 

+ 

4 j 

5.9 

A 

67 


— 

— 

-- 

8 

11.9 

Concentrated 





4- 

5 

7.4 



! - 

- 

- 


50 

74.6 



+3 



_ 

— 

10 

30.3 

B 



— 


— 

2 

6.0 

Precipitated 

33 

- 

- 

+ 

4- 

1 

3.0 



- 

-f 


4- 

1 

3.0 




- 

— 

- 

19 

57.5 




+ 

■f 

4- 

12 

18.4 

C 


4-6 

— 

4* 

4- 

1 

1.5 

Cell-suspension 

65 


— 

— 

... 

22 

33.8 



- 

+ 

4* 

+ 

1 

1.5 



— 

— 


- 

29 

44.6 


1 


+ 

4- 

+ 

14 

16.4 

n 




+ 

4- 

1 

1.1 

Cell-solution 

85 ; 

"fl® 

— 


— 

1 

1.1 



- 

+ 


- 

2 

2.3 



- 

- 

- 

- 

1 67 

78.8 


1 3 reactions recorded as Pi, 1 Pa. 

2 6 reactions recorded as Pi, 2 ©s Pa. 

® 9 reactions recorded as Pa, t sis Pa. 

* Abnormal yolks in both cases. Bacillus coli isolated from one, a Coccus ixoia the other. 

s 10 reactions recorded as Pi, as Pa. 

® Heaction recorded as Pi. 

17 reactions recorded as Pi, 5‘as Pa. 

8. 11 reactions recorded as Pi, S.as Pa. 

® Reaction recorded as Pt. 

^0 Reaction recorded as Pi. 

In contrast to tlie above, tbe eell-solntion pnUorin detected all of 
15 bacteriologically positive birds and produced a reaction in only 1 
(1.4 per cent) of 70 baeteriolo^ically negative birds. Tte size of the 
pullorin reaction was recorded as Pj in 8 fowls, and as Pg in 3. While 
a more pronounced reaction would have facilitated the readings, it was 
possible, as the results show, to accurately detect and interpret these 
reactions. 

In addition to the 85 birds just discussed, a flock of 143 fowls, 
consisting of White and Black Leghorns, Bhode Island Beds, Barred 
Bocks, Black Minoreas, and representatives of several other breeds, 
were tested with the eell-solution pullorin and by the agglutination 
method. These fowls were not available for post-mortem ezammation 
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4 Per cent of TDacteriologically negative fowls. 

5 These two birtis are identical with two of the five bacteriologically negative fowls with gross lesions that reacted to pulloriii. 
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and tkerefore data concerning them were not included in table 5. All 
gave a negative reaction to the agglutination test. One fowl, a Black 
Minorca (C-211), reacted to the puUorin test. The tests on this bird 
were repeated a month later with the same results. The bird was 
then secured for autopsy. The only abnormalities found were two 
small slightly blood-tinged yolks. Bacterium puIJorum w^as not iso- 
lated. The results of the tests of these 143 negative birds are of value 
principally in indicating that the intradermal injection of the cell- 
solution pullorin is not liable to produce a non-specific or false 
reaction. 


SUMMAEY AND DISCUSSION 

Table 6 gives a summary of the results of all of the pullorin and 
agglutination tests and of the post-mortem examination of the birds. 
A study of this table shows a very close correlation between the 
results of the agglutination tests and the bacteriological findings. A 
positive agglutination reaction was obtained with all but 4 (1.4 per 
cent) of the 207 birds from which Baeiermm pullorimi wms isolated. 
This is a surprisingly high percentage of reactions to a single test of a 
group of infected fowls. Of the 363 bacteriologically negative fowls, 
all except 9 (2.4 per cent) gave a negative agglutination reaction. 
This can be regarded as an expected occurrence since the experience 
of numerous investigators has shown that non-inf ected fowls seldom 
react to the agglutination test. The positive agglutination reactions 
of these bacteriologically negative birds might have been due either 
to recovery and immunity of the bii'ds, or to infection that was 
present, but which was not obtained in culture. This latter is par- 
ticularly apt to be true of the 3 baeterioiogically negative birds in 
which gross lesions were present. 

In contrast to the results with the agglutination test, wide dis- 
crepancy is seen to exist between the bacteriological findings and the 
results of the pullorin tests, with the exception of those obtained with 
the cell-solution pullorin. This discrepancy consists, first, of the 
failure of from 7,1 per cent to 55.5 per cent of the bacteriologically 
positive birds in the various groups to react to the pullorin test j and, 
second, of a positive pullorin reaction in from 13.8 per cent to 73.3 per 
cent of the bacteriologically negative birds. Variations in these 
respects are seen in the results obtained from the concentrated, pre- 
cipitated, and cell-suspension types of pullorin, hut, in all instances, 
the degree of error is sufiSeient to make the results very unsatisfactory. 
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The reaetions of the 85 birds that were tested with the cell-solu- 
tion pullorin and later examined hacteriologically, however, are in 
remarkably close agreement with the bacteriological findings. Further- 
more, the results of the test with this pullorin of the 143 birds, only 
one of which was examined bacteriologically, but all of which failed 
to react to the agglutination test, furnish evidence that this pullorin 
is not liable to cause a non-specific or false reaction in non-infected 
birds. These results, while encouraging, cannot be considered as 
conclusively indicating the true diagnostic value of the product 
because of the limited number of fowls on which it has been used. 


CONCLUSIONS 

The concentrated, alcohol-precipitated, and cell-suspension types 
of pullorin were not satisfactory preparations for use in the detection 
of carriers of Bacterium pullorum. The agglutination test is so much 
more accurate for this purpose than intradermal tests performed with 
these types of pullorin that the latter should be discarded until a 
better agent for use in making tests by the intradermal method can 
be perfected. The preliminary results from intradermal injections of 
the cell-solution type of pullorin indicate that this preparation is a 
promising agent worthy of further trial. 
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A COMPARATIVE IWESTIGATION OF 
CERTAIN FILM-FORMING FUNOr 

M. A. JOSLYN? AiroW. V. CEUBSSa 


Aerobic, film-forming microorganisms of yeast-like appearance 
occur very commonly on brines used in the storage of olives and 
vegetables used for pickles and on fermented liquors such as cider, 
■wine, and beer. They are commonly known as Mycoderma vini or 
‘•wine flowers’ when they ocetm on fruit products, as My coderma 
cerevisiae on cereal products, and as ‘film yeast’ or ‘scum’ on pickle 
brines. These microorganisms are of considerable economic import- 
ance, for they bring about certain undesirable conditions in the 
flavor, odor, and composition of food products on which they grow. 

Although certain forms of Myeoderma cerevisiae and My coderma 
oiw have been extensively studied,* the forms occurring on the surface 
of vegetable and olive brines have received relatively scant attention. 
The object of this investigation has been to study Myeoderma^ from 
these sources in comparison with Myeoderma vini and certain molds 
found in association 'with this and other Mycodermas. 

1 This paper is an extension of a Master's thesis sahmitted by the senior 
author. 

2 Besearch Assistant in Bruit Produets. 

3 Associate Professor of Bruit Products aad Chemist in the Experiment 
Station. 

4 An excellent review of the earlier investigations will be found in reference 
1 in the bibliography. 

^ The Mycodermas investigated here are by some writers referred to as * false 
yeasts’ or Myeoderma yeasts. ^ '' 
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EXPEEIMENTAL PEOCEDUEE 

Certain of tlie cEaraeteristies of twenty-one ' micro organisms were 
deterndned as follow^s: 

Morphological Chamcteristics.—The maeroscopicai appearance of 
pure cultures of the various mieroorganisms growing in cucumber 
juice, malt-extraet medium, nutrient solutions of sucrose, dextrose 
lactose, maltose, niannite, and glycerin, cucumber- juice agar and 
cucuinber-juiee gelatin was observed. 

The size, form, and general microseopical appearance of cells from 
seven-day old growth on cucumber juice and the microscopical appear- 
ance of agar colonies were also observed. 

The cultures were tested for spore formation by culturing on 
moist gypsum blocks. 

CuUtoral Characteristics. — The more important cultural character- 
istics were studied. These investigations may be classified as follows: 

Fermentation Tests. — The rates of fermentation in nutrient solu- 
tions of sucrose, dextrose, lactose, maltose, mannite and glycerin were 
determiiied by noting the loss in weight of the nutrient solutions at 
regular intervals,, after inoculation with pure cultures of the various 
mieroorganisms. 

'Biochemical '.Characteristics. — The destruction of added lactic acid 
in cucumber- juice medium and of natural acids, mostly lactic acid, in 
dill brine was determined by noting the loss in acid content by 
titration with sodium hydroxid. The tolerance of the organisms 
studied to acetic, citric, lactic, malic, oxalic, and tartaric acids was 
determined by noting the highest concentration of acid at which pell- 
icle formation occurred in synthetic carbohydrate-free medium. The 
effect of the organisms on these acids was also determined. 

The salt tolerance of these organisms was determined by noting 
the highest concentration of salt at which pellicle formation occurred 
in various media. The effect of salt on the rate of oxidation of 
lactic acid in cucumber juice was also observed. 

The effect of disturbing .the pellicle and of changing the ratio of 
surface to volume of the nutrient medium on the activity of certain 
Myeodefynas was determined by noting the loss in acid content ■ due to 
oxidation.' '■ 

The effect of a layer of neutral mineral oil, of pH value of the 
.medium, ': of oxygen . supply, of light md: of certain antiseptics ' and 
germicides on the formation of the pellicle was determined. 
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A; study was made of the nitrogen fixation by these organisms in 
a medium low in, but not devoid of, nitrogen was madehy determining 
the nitrogen content of cultures and dilute cucumber juice in which 
they were grown. 

The effect of salt concentration and of pH value of the medium on 
the death temperatures of certain Mycodermas and a Penicillmm mold 
was determined. 

All experiments were carried out in duplicate, unless otherwise 
stated in the text, and only pure cultures derived by single-cell isola- 
tions from the sources listed elsewhere were used. The cultures used 
were purified by repeated plating on cucumber juice agar medium. 
Freshly grown cultures were used for each experiment and the organ- 
isms were generally previously cultured in the medium to be used for 
the particular experiment. This was done to avoid irregularities in 
behavior due to change of culture media and to secure active cultures. 

Preparation of Media , — The various media used in the tests were 
prepared as follows : 

1. Cucumber-juice medium. Fresh cucumbers were crushed and 
the juice extracted by pressure in a hydraulic press. The juice was 
boiled in an open kettle with infusorial earth and filtered brilliantly 
clear. This furnished a mediiun of amber or straw-yellow color and 
was found to be suitable for the growth of all the organisms studied. 
The composition of the medium was varied to suit the nature of the 
experiment. However, the cucumber juice used in preparing most of 
the special media was of the following composition : 

Balling degree — 1.65 

Acidity expressed as lactic— 0.1 grams per 100 ce 
pH (determined electrometrically) — 5.7 

Cucumber juice was used as the basic culture medium because most 
of the microorganisms studied were isolated from cucumber-pickle 
brines. The natural juice and the media made from it were sterilized 
by auto-claving at 15 pounds pressure for 30 minutes. 

2. Dill-pickle brine medium. Brine from fermented dill pickles 
was boiled in an open kettle with infusorial earth and then filtered 
clear. The pH value' of thiS' medium w^as ;3.2, the density , 6^'' Baume, 
and its total acid content expressed as lactic was 1,20 grams per 100 ce. 
This medium was sterilized by heating in live steam at approx- 
imately 100^ C for one hour. Later incubation tests proved this 
method of sterilimtion satisfactory. This medium was found suitable 
for the growth of the majority but not all of the microorganisms 

■'■studied. : .'t/; 
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3. Malt-extract medium. ^Spra-m.alt/ a dried preparation of malt 
extract, was dissolved in water and tiie solution brought to about 15° 
Balling. It was sterilized by the usual method of discontinuous ster- 
ilization ill live steam at approximately 100° C. All of the micro- 
organisms studied grew w^ell in this medium. 

4. Synthetic medium. The synthetic nutrient solution used for 
determining the action of the microorganisms on the various sugars 
and acids consisted of 0.01 grams of magnesium sulfate, 0.5 grams of 
dipotassium phosphate and 10 grams of baeto-peptone dissolved in 
1,000 cc of distilled water. This solution furnished a satisfactory 
medium for the tests in which it was used. 

The sugar solutions used in the fermentation tests were sterilized 
by the usual method of discontinuous sterilization at 100° C. 

All media were tested for sterility before use and the methods of 
sterilization used were found adequate. 


TABLE 1 

Sources op the Microoroanisms SruwEa 


Laboratory! 
number of I 
organism , j 


Kind of microorganism and its source 


1 Mycoierma from surface of brine from green olives prepared at Visalia, 1925. 

2 Mycoierma from surface of brine used for storage of ripe olives at Lindsay, 1926. 

3 Source similar to that of No. 2. 

4 Mycoderma from dill pickle brine from H, J. Heinz Co., Berkeley, 1927. 

5 Mymderma from dill pickle brine from Mueller Bros., Oakland, 1927. 

6 Mycoderma, Same source as No. 4. 


7 Mycoderma from cucumber storage brine (“salt stock” brine), California Conserving Co., 

Hayward, 1927. 

8 Mycoderma from “salt stock” brine, Mueller Brothers Co., Oakland, 1927. 

9 Mycoderma from same source as No. 7. 

tO from “salt stock” brine. H. J. Heinz Co., Watsonville, 1927. 

it Mycoderma from fermented apple juice (vinegar stock) from H. J. Heinz Co., Watsonville, 
1927. , 


12 

13 

H' 

m 

16 ' 

17 

is' 

19 ' 

20 

'21 


Mycoderma from fermenting apple juice, H. J. Heinz Co„ Watsonville, 1927. 

Mycod&ma from fermented apple juice from Jones Vinegar Co., Watsonville, 1927. 

isolated from California grapes in 1912 by W, V. Cruess. 

Mycoderma. , Same source as No. 14. 

Mycoderma, Same source as Np. 14. 

rorttto, pink. From soil in cucumber field near Hayward, 1927. 

.'Penicilimm mold. Forms a red pigment. From diU-pickle brine from H. J. Heinz Co., 

^ Berkeley, 1927.^ 

JPenicSZwm mold. Forms brown eonidia. From olive-storage brine from Visalia* 1926. 
M-ttcfOr "mold from, moldy oucumbers. 

.Fenicimum mold. Forms dark green eonidia. From “salt stock” brine from California 
' Conserving Co.,, 'Hayward, 1927. ' 
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. ■ SOURCES OP MICROORGANISMS STUDIED. 

Twenty-one organisms were studied. Of these, 16 are Ilycademias, 
isolated from the several different sources given in the following list : 
one is a pink Torula which groivs in the form of a ring on liquid 
media in test tubes; four are molds of which 3 are Penicillkmi 
and 1 is a Mwco-r. All of the organisms described in this report were 
isolated by ns. from the sources indicated in table 1, 'which also gives 
the laboratory number of each. 

Since the principal object of this investigation was to compare the 
principal morphological and cultural ehai’acteristics of the various 
organisms, they will not be described individually but rather collec- 
tively and in relation to one another. 

The fresh-olive storage brines from which some of the organisms 
were isolated were of approximately 9° Baume and contained 0.2~0.5 
per cent acid expressed as lactic. The green-olive brines mentioned in 
the list were from 50-gallon casks of green Manzanillo olives prepared 
by the Spanish fermentation process. The dill brines were from 
commercially prepared 50-gallon casks of dill pickles prepared by the 
usual fermentation process. These brines were of 5-7° Baume and 
contained from 1.1 to 1.5 per cent acid expressed as lactic. The salt 
stock hrines were of 16-18° Baume and contained less than 0.5 per 
cent acid expressed as lactic at the time of isolation of the organisms. 
The fermented apple juice from which some of the organisms were 
isolated was stored in large, partially open vats, and the film growth 
on the liquid was used for plating. The Mycoderm-a^ cultures from 
grapes were obtained by wmshing the grapes with sterile water and 
making culture plates from the washings. 


MORPHOLOGICAL CHARACTERISTICS 

'"Growth on Liquid Media,— All of the organisms are strongly 
aerobic and formed films on quiescent culture liquids. In cultures of 
organisms 1 to 16, a pellicle appeared at the beginning of development, 
generally white but changing to a light gray in old cultures. The 
pellicles were not viscous but were quite fragile and very easily 
broken. Growth took place also along the sides of the tube to a 
height of more than three centimeters and the upper portions of this 
growth invariably turned brown. Some sediment was formed by all. 
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TABLE 2 

Macroscopical Appearance op Organisms Investigated- 


Medium 

Organism 

Macroscopical appearance 


1,2,4, 5, 6,8 

Fragile but rather thick, wrinkled, chalky white film, spreading 
upward 2-3 cm on walls of tube, where it in time becomes brown. 
Medium becomes turbid. Numerous granules form below the 



film, some of which settle to the bottom of the tube forming a 
loose, granular sediment. Very little gas. 


3, 7, 13 

Thin, only lightly wrinkled film; considerable growth on walls of 
tube; turbid medium; much fine sediment. Little to no gas. 


9, 10 

Fragile, wrinkled, rather thick film; turbid medium; compact sedi- 
ment. Little to no gas. 


11 

Similar to No. 3 except film more wrinkled and heavier. 


12 

Appearance similar to No. 1. Forms much gas. 


14 

Thick, slightly wrinkled film, slight sediment. Liquid like No. 1. 

Cucumber Juice j 


Much gas. 


15 

Smooth, slight film growth, heavy, sediment. Medium turbid with 
small suspended granules. Noticeable gas formation. 


16 

Appearance similar to No. 15; but less gas. 


17 

Principally in the medium; decided ring formation at surface; much 



sediment. Ring and sediment pink. No gas. 


18 

Typical Penicillium mycelium and conidia. In later stages of 
growth, surface growth dark green to yellow; medium and under 
portion of growrih become deep red. Pigment does not change 
in color with reaction of medium. 


19 

Typical Penicillium mycelium and brown conidia. 


21 

Typical Penicillium mycelium and dark green conidia. 


20 

Typical, gray, hair-like Mucor mycelium with typical spherical 



sporangiophores , 

Cucumber Juice 

1 to 17 

Similar to growth in undiluted juice. 

diluted 1 to 3 



with water 

18, 19, 20, 21 

Growth much less vigorous than in undiluted juice. 

Diluted malt 



syrup 

1 to 21 

Similar to growth in undiluted cucumber juice. 


1, 2, 4, 5, 6, 14 

Growth less luxuriant; films thinner; more granular and more gray 

Dill-pickle-brine-' 


and less sediment than in cucumber juice. 


3 

Film whiter and growth less vigorous than Nos. 1, 2, 4, 5, and 6. 


7 to 13 

Observations similar to but growth less vigorous than Nos. 1, 2, 4, 

Dill-pickle-brine 


5, 14. 


19 

Growth scant. 


9, 17, 18, 20, 21 

No growth. 

Nutrient sucrose / 

lto2i 

1 Growth similar to that in cucumber juice, but no visible gas forma- 

solution 1 


/ tion; Nos. 4, 5, and 10 grew more luxuriantly than others. 

Nutrient dex- ' / 

2 to 21 

1 Growth similar to that in cucumber juice, but no visible gas forma- 

trose solution \ 


/ tion; Nos. 4, 5, and 10 grew more luxuriantly than others. 

; Nutrient lactose / 

Ito 17 

Growth slow and slight. No gas. 

solution . \ 
Nutrient maltose 

18 to 21 

Growth fairly vigorous. 

solution 

Ito 21 

Growth vigorous and characteristic. No visible gas formation. 

f 

1, 2, 7, 9, 10, 13 

Moderate growth. No gas. 

Nutrient man- J 

17, IS, 19, 20, 21 

Vigorous growth. No gas. 

nite solution ] 

3, 4, 5, 6, 8, 11, 

\ 

■ 

12, 14, 15, 16 

1, 4, 5. 8, 10,11, 

f Scant growth. No gas. 

Nutrient 

13, 15, 16 

f Faint growth. No gas. 

glycerin 

2, 3, 6, 7, 9, 12. 

1 

solution 

; 14,17 

/Good growth. No gas. 


18, 19, 20, 21 

Vigorous growth. No gas. 
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They differed among themselves in the general appearance of the film, 
the amonnt and character of sediment, and in the appearance of the 
substrate, whether clouded or clear. 

The macroscopical appearance of the microorganisms in the various 
media studied is shown in table 2. 


TABLE 3 

Microscopical Appearakge of Cells op Organisms 1 to 17 




Size in microns 

Organ- 

ism 

Microscopical appearance of cells 

Aver- 

age 

Max- 

imum 

Min- 

imum 

1 


2 X 10 

2 X 12 

3x4 

2 


4x3 

4x8 

3x3 

3 

Spherical to oval 

4x4 

4x6 

2x2 

4 


2x8 

4x3 

2x4 

5 

Short sausage-shaped ^ 

4x6 

4x 10 

2x3 

6 

7 

Sausage-shaped to filamentous. Tendency to form a mycelium 

Spherical to ellipsoidal; some sausage-shaped 

2x8 

3x4 

2 X 15 
2x6 

2x7 

2x2 

8 

Spherical to sausage-shaped 

4x5 

3x8 

2x2 

9 

Spherical tfi shnrt 

4x4 

4x8 

2x2 

10 

Spherical to short ellipsoidal 

3x3 

4x4 

2x2 

11 

Spherical to sausage-shaped 

3x4 

4x6 

2x3 

12 

Spherical to sausage-shaped. Much variation in size 

! 

4x8 1 

4 X 14 

2x2 

13 

Short sausage-shaped cells predominate 

4x6 

4x8 

2x3 

14 

Sausage-shaped. Branched chain growth common 

4x9 

4 X If) 

4x5 

15 

Spherical to ellipsoidal 

3x5 

4x6 

1.5 X 1.5 

16 - 

Spherical to sausage-shaped. Forms branched chains 

4x4 

6x6 

2x2 

17 

Spherical 

4x4 

6x6 

2x2 




TABLE 4 

Appearance op Colonies on Solib Media 


Organism 

Growth on agar media 

Grow'th on gelatin media 

1, 2,4 

Small, irregular, convex, rugose, cretaceous 

Small, irregular, flat (but slightly raised), 


colonies. Edges entire under micro- 

' rugose, gray, opaque colonies. Edges 


scope. 

entire under microscope. 

3 

Small, irregular, convex, rugose, opaque col- 



onies. Edges entire under microscope. 

Similar to No. 1. 

5 

Similar to No. 1. 

Small, irregular, concave, rugose, gray* 
opaque colonies. Edges entire under 
microscope. 

6 

Similar to No. 3. 

Similar to No. 1. 

7 

Similar to No. 1. 

Similar to No. 5, 

8 

Similar to No. 3, but slightly brown. 

Similar to No. 1. 

9, 10 

Similar to No. 1. 

Small, irregular, raised, rug<»e, cretaceous 
colonies. Edges, entire under microscope. 

11,12, 13,14, 

1 I 

Small, punctiform, opaque gray colonies. 

15, 16 

/ Similar to No. 1. \ 

Edges entire under microscope. 

17 ■ 

Small, irregular, convex to palomate, smooth. 

Small, round, concave, smooth, glistening 


glistening, pink colonies. Edges entire; 

pink colonies. Edges entire under micro- 


under microscope. . ' ; 

■ scope.' 

18, 19, 20, 21 

Typical mycelial mold colonic. 

Typical mycelial mold colonies. ' ■' 
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It is eTident from these observations that the organisms differ in 
their growth on and in various media. Relative vigor of growth 
among the twenty-one organisms varied considerably according to the 
inediiiin. 

The size, form, and general appearance of organisms 1 to 17 after 
culture for seven days at room temperature are given in table 3. 

Growth on Cucumher- Juice Agar and Gelatin. — The appearance of 
seven-day-old colonies on eiieumber- juice agar and on cucumber- juice 
gelatin are given according to the terminology adopted by Chester 
in table 4. 

Spore Formation. — Using the usual methods of causing spore for- 
mation*^^- 3)_by growffh in moist gypsum blocks or in saturated gypsum 
solutions — no spore formation could be observed with cultures 1 to 17, 
although under the same conditions yeasts w^hich wmre knovm to form 
spores {Saecharomyces eUipsoideics) sporulated satisfactorily. 


FERMENTATION TESTS 

A synthetic nutrient medium was prepared as described on page 
204. Siierose, dextrose, lactose, and maltose were added in concentra- 
tion of 10 grams per 100 ce, and glycerin and mannite in concentra- 
tion of 5 grams per 100 cc. Seventy cc portions of sucrose and 
dextrose were placed in 125 ce Brlenmeyer flasks, 80 cc portions of 
lactose and maltose and 70 cc portions of glycerin and mannite 
were placed in 4-omice bottles. 

After sterilization tlie solutions were inoculated with the different 
organisms, and loss in wmight during the incubation period at room 
temperature was determined. This loss corrected for loss in weight 
from evaporation was tised as a measure of fex'mentation. A lower 
coincentration of glycerin was used because of its greater osmotic pres- 
sure. The loss in weight of the inoculated flasks after correction for 
losses by evaporation at the end of 30 days is given in table 5. 

An examination of table 5 will show that most of the organisms 
studied caused slight to moderate destriietion of dextrose, sucrose and 
maltose but with the exception of the molds did not destroy any 
appreciable proportion of the lactose or mannite. However, organism 
No. 'T' fermented mannite' feebly. ' 

The organisms in general grew best in the maltose medium, with 
dextrose a close second, and sucrose, glycerin, mannite, and lactose in 
the order stated. They grew very poorly in lactose. At the end of 
two months the pH value of the solutions given in table 5 was deter- 
mined electrometrieally and the data are showm in table 6 
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TABLE 5 


Loss m Weight in Grams in 30 Days 


Organism 

Sucrose* 

grams 

Dextrose* 

grams 

Lactosef 

grams 

Maltose t 
£irams 

Glycerin^ 

grams 

Mannitet 

grams 

1 

0.42 

2.31 

0.00 

0.45 

0.25 

0.00 

2 

0.19 

2.40 

0.00 

0.23 

0.50 

0.00 

3 

0.18 

1.25 

0.20 

0,50 

0.21 

1.31 

4 . . . 

0.54 

3.16 

0.15 

0.38 

0.54 

0.00 

0 

0.30 

3.08 

0.23 

0,28 

0.38 

0.00 

6 

0.26 

4.16 

0.00 

0.50 

0.24 

0.00 

7 ■ 

0.90 

1.16 

0.14 

0.63 

0.26 

0,00 

8 

0.25 

1.61 

0.00 

0.29 

0.60 

0.04 

9 

0.71 

0.97 

0.00 

0,50 

0.51 

0.00 

10 

0.39 

0.71 

0.00 * 

0.50 

0.37 i 

0.00 

11 

0-04 

0.57 

0.00 

0.77 

0.09 

0.00 

12 

1.11 

0.43 

0.52 

0.20 

0.08 

0.00 

13 

0.41 

0.27 

0.77 

LOO 

0.33 

0.00 

14 

0.70 

3.75 

0.00 

0.28 

0.32 

0,00 

15 

0.20 

3.66 

0.00 

0.19 

0.48 

0.00 

16 

0.18 

0.72 

0.00 

0.19 

0-00 

0.00 

17.. 

0.19 

0.43 

0.00 

0,00 

0.44 

0.00 

18 

1.16 


0.00 

1.53 

0.40 

0.00 

19 

0.60 

2,47 

1.20 

1.48 

0.72 

0.65 

20 .. 

0.06 

3 16 

0,00 

1.68 

0.57 

0,02 

21 

1.61 

0.64 

1.02 

1.49 

0.35 

0,34 


* Concentration 10 grams per 100 cc; 70 cc of solution used in 125-cc Erlenmeyer flask, 
t Concentration 10 grams per 100 cc; 80 ec of solution used in 4-oz. bottles. 
t Concentration 5 grams per 100 cc; 70 cc of solution used in 4--oz. bottles. 


TABLE 6 


Change in pH Value Produced by Growth of Organisms 1 *io 21 after 60 Days 


Organism 

Sucrose 

pff 

Dextrose 

pH 

Maltose 

pH 

Glycerin 

pH 

Mannite 

pH 

Control 

5.60 

4.90 

5.10 

6.4 

6.8 

1... 

5 35 

4 00 

6.00 



2 

6.20 

4.00 

4.75 

5.3 

6.8 

3. 

4.70 

3.60 

4.50 

6.4 

6.8 ■ 

4 

4.50 

3.65 

4,10 

6.9 

8.2 

5 

5.35 

3.80 

5,10 

1 5.8 

6.8 

6 

6.35 

4.30 

4,80 

6.4 

7.5 

7.... 

4.35 

4.10 

4.75 

7.0 

■ 7.4 ' 

8... 

3.65 

I 3.80 

4.80 

6.1 

6.4 

9.. 

4.15 

4.00 

4.35 

7.0 

,,7.1' 

10....,., ' 

4.35 

4.05 

4,50 

7.5 

" 7.1 ■ 

11....' ' 

5.50 

2.85 

3.60 

6.2' , 

7.1' ' 

12 

2.00 

2.10 

4.30 

5.1 

,Y'.2-, ''' 

13 ; 

4.30 

2.40 

4.40 

6.8 , 

7.0,',,' 

'14.,.. ' 

5.30 

5.00 

5.10 

6,7 

6.9 

15 

5.10 

4.10 

5.40 

■ ■ 6.2' , 

'"'7'. 7 . ', 

16..... 

5.05 

3.90 

4.70 

■ 6.4 

6.6 

17............ 1... 

4 . 10 

3,60 

4.40 



18...... 

3.20 

4.00 

3.60 

' " 5.5 


I9..„ 

7.00 

6.10 

■ 4.90', ' 


6.7 

20............ 


3.15 

', 2M 


' 7.3" 

■ 

, ' 6.70. 

3.U ■ 

5.90 

/"'6,5 

6,6 
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It had been noted previously by various workers that certain fungi 
are capable of changing the reaction of the media which they ferment, 
that is, are capable of producing acids or of destroying them. 

It is evident that the majority of these organisms were capable of 
producing acid especially in sucrose, dextrose, and maltose solutions. 
The nature of the acid wms not determined. Titration of total acid 
with N/10 sodium hydroxid confirmed pH determinations and the 
total acidities were found to be in the inverse order of the pH values. 


DESTEUCTION OP AND TOLERANCE FOR CERTAIN 
ORGANIC ACIDS 

It has long been known that the 3Iycodermas reduce the acidity 
of pickle brines by oxidation, as reported in publications such as those 
of Round and Lang,^^^ Le Pevre,^^^ Shinkle,^^^ Cruess,^^^ and others. 
It is commonly recommended that the ^scum^ forming on brines be 
skimmed frequently to avoid loss of lactic acid on which the keeping 
quality of the product depends. 

Previous to the preliminary report of Joslyn^®^ no data on the 
rate of destruction of the acid could be found in the literature. 
Joslyn found that the mixed culture of My coderma used by him 
destroyed acid more rapidly than the pure culture; both, however, 
destroyed more than half of the acid originally present (1.13 per cent) 
in one month at 80*^ P. Destruction was somewhat slower at room, 
temperature than at 80° P. Cruess^^^ determined the rate of destruc- 
tion of lactic acid in olive brines by three pure cultures ot 31 y coderma 
a culture of Penicillmm glaucum, and two mixed cultures. He found 
that the Penicillmm mold destroyed lactic acid about as rapidly as 
the Myeoderma cultures. 

Lactic Acid in Cticumher Medium— In our studies the lactic- 
acid-destroying activity of organisms 1 to 21 in a cucumber medium 
was determined in the following manner: The organisms were cul- 
tured in cucumber juice for one week prior to the test; one cc of the 
well-shaken culture was pipetted into 150 cc of sterile cucumber 
juice containing 0.9 gram of added lactic acid per 100 cc. The rate 
of oxidation of lactic acid was determined by noting the loss in total 
acid as shown by titration with N/10 sodium hydroxid at regular 
intervals. The data is given in table 7. 

In order to avoid an error from the carbon dioxid formed, espe- 
cially in cultures 3, 6, 15, and 20, the samples to be titrated were 
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either heated slightly below the boiling temperature for several 
minutes or -were diluted with boiling distilled water to volatilize 
carbon diosid before titration. The pellicle in each culture was 
unavoidably disturbed upon shaking before removal of the sample. 
Such disturbance interfered wuth the activity of the organisms^ as 
will be vShown later. 

The organisms differed from each other in their rate of oxidation 
of lactic acid. Organisms 1, 4, 8, 9, 14, 16, and 21 oxidized lactic 
acid rather rapidly ; organisms 2, 7, 10, 13, 19, and 20 not so rapidly ; 
organisms 3, 17, and 18, slowdy. 

TABLE 7 

Per.cen'tage of Lactic Acid Oxidized 


Organism 

No. 

Time in days 

7 days 
per cent 

14 days 
per cent 

21 days 
per cent 

35 days 
per cent 

1 

31.9 

49.0 


72.9 

2 

30.9 

42.3 


67.2 

3 




38.5 

4 

22.4 

28.8 

53.8 

78.8 

5 

28.5 

38.4 


81.7 

6 

0 

33.6 

52.0 

71.1 

7 

14.0 

25.0 

29.8 

60.6 

8 

26.5 

38.5 

48.0 

88.5 

6 

18.8 

42.2 

44.2 

76.8 

10 

9.7 

11.5 

32.7 

63.5 

13 

18.7 


29.8 

62.5 

14 

9.2 

38.5 

51.9 

80.7 

15 


15.4 

23.1 

71.2 

16 

18.8 

32.7 

51.9 

74.0 

17 

3.4 

3.8 

7.7 

35.7 

18 

13.1 


32.7 

43.0 

19 

23.7 

49.0 


69.6 

20 


13.5 

19.3 

66.3 

21 

1 25.1 

28.8 

38.5 

74.0 


It would have been desirable to note whether or not the Myco- 
dermas were capable of oxidizing all the lactic acid and producing an 
alkaline reaction in the medium. Unfortunately in the later stages of 
the experiment, cultures 1 to 17 inclusive became contaminated, 
chiefly with mold. However, the cultures were retained for three 
months. Molds 19, 20, and 21 had produced an alkaline reaction in 
the medium ; of the infected Mycoderma cultures, only Nos. 16 and 
17 developed an alkaline reaction. In experiments reported by Cruess*^®^ 
only one culture (a mixture of Mycodermii mid mold) produced an 
alkaline reaction in 7 months’ incubation of inoculated olive brines. 
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In Dill Brine . — We also determined the rate of oxidation by these 
organisms of the acid naturally formed in dill-pickle brine in the 
following manner. Ten-cubic-eentimeter portions of dill brine were 
placed ill plugged test tubes. These were sterilized and then inoculated 
with loopfuls of organisms 1 to 21. A sufficient number of test tubes 
was prepared so that at each examination an undisturbed 10 cc sample 
of each could be used for titration. 

Organisms 17, 18, 20, and 21 failed to grow in the dill brine. The 
rate of oxidation of the natural acid in the dill brine is shown in 
table 8. 


TABLE 8 


Percentage op Acid Oxidized m Lmi/ Brine 


Organism 

Time in days 

8 days 

1 per cent 

13 days 
per cent 

18 days 
per cent 

23 days 
per cent 

i 

t 39 days 
per cent 

81 days 
per cent 

1 

53.3 

71.7 

92.3 

96.2 

98.5 

99.0 

2 

53.7 

71.5 

91.0 

94.0 

97.0 

97.5 

3 

15.0 

42.4 

54.5 

60.6 

95.5 

97,5 

4 

54.5 

82.5 

92.5 

94.0 

' 98.5 

98.5 

5 

55.3 

75.8 

89.6 

94.7 

97.0 

97.5 

6 ■ 

, 59.0 

72.0 

89.4 

96.2 

98.5 

99.0 

7 

34.8 

74.2 

91.0 

98.5 

Basic 

Basic 

8 

43.2 

57.6 

85.0 

91.0 

97.0 

97.0 

9 

18.2 

50.8 

79.5 

96.2 

Basic 

Basie 

10 

49.2 

82.0 

91.0 

98.0 j 

Basic 

Basic 

11 

50.0 

75.0 

77.2 

79.5 

82.6 

91.0 

12 

61.3 

77.3 

94.0 

97.0 

98.5 

98.5 

13 

30.3 

47.0 

73.4 

77.3 

80.2 

80.2 

14 

62.8 

83.5 

96.2 

97.5 

99.3 

99.3 

15 

50.0 

54.5 

76.0 

94.0 

98.5 

99.5 

16 

22.7 

34.8 

43.2 

47.0 

60.6 

91,5 

10 

18.2 

59.0 

89.5 

97.8 

Basic 

Basic 


The organisms did not differ as much from each other in their 
rate of oxidation of acid in this test as they did in cucumber -juice 
medium, but the loss of acid is more rapid. Organisms 1, 2, 4, 5, 6, 
11, 12, 14, and 15 exhibited similar rates of oxidation of acid. The 
initial rate was rapid but decreased wdth decrease in eoneentration of 
acid. Organisms 3, 7, 8, 9, 10, 16, and 19 oxidized the acid slowly at 
first but more rapidly as the concentration of the acid decreased. 
Organism 13 oxidized the acid least rapidly. Organisms 7, 9, 10, 
and 19 produced an alkaline reaction in the dill brine. Typical rates 
of acid-destruction are shown by the curves in fiugre 1. 

In both the cucumber juice and the dili-pickle brine, darkening of 
the medium occurred when low total acid was reached. This dark 
color persisted even after acidifying the medium. It may have been 
caused by oxidation of some coloring material of the brine. 
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Destrmtion. of Yario-iis Organic Acids in a Sugat'-Free Medkmi . — 
It is evident that these organisms were able to destroy lactic , acid.'. 
However,, sugars and other carbon compounds were present in the 
above media and these may have furnished some of the carbon and 
energy for growth. 

Ill order to eliminate sugars, nutrient-acid solutions were pre- 
pared by adding to the sugar-free nutrient media previously described 



(page 204) various amounts of acetic acid, citric acid, lactic acid, 
malic acid, oxalic acid, and tartaric acid. The sterile, tubed add 
media were inoculated with loopfuls of the organisms which had been 
grown for two weeks in malt extract medium. These tubes were then 
stored at room temperature and growth or its absence in each tube 
determined periodically. It was found that film formation occurred 
sooner in the media containing the smaller amounts of acid and 
sooner in solutions of citric, lactic, and malic acids than in those of 
the other acids. The examinations were continued over a period of 
from 3 to 4: weeks incubation. The results were as follows : 

In' acetic acid,; organisms 1 to 21 inclusive, grew m'0.024 N (0.14 per 
cent) solution, all ' except 'Nos.''d8,, 20, and '21 grew in 0.042 N 
(0.25 per cent) solution; all except Nos. 7, 9, 10, 17, 18, 20, and 21 
grew in 0.060 N (0-36 per cent), 0.76 N (0.46 per cent and pH of 4.5), 
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and 0.095 N (0.57 per cent) j all except tlie aforementioned and No. 
19 grew in 0.140 N (0.84 per cent and pH of 3.8) ; only Nos 1, 2, 3, 
and 11 grew in 0.28 N (1.68 per cent, pH 3.5) and none grew in 
0.67 N (4.0 per cent pH 3,35). 

In citric acid all except Nos. 7 and 9 grew in tlie solution of 0.2 N 
(1.28 per cent pH 2.75) ; all except Nos. 4, 7, 9, and 10 in 0.38 N 
(2.43 per cent, pH 2.5) ; and in 0.6 N (3.84 per cent, pH 2.3) all 
except Nos. 4, 7, 9, 10, 11, and 19; in 0.82 N (5.25 per cent 
pH 2.1) ; and in 1.0 N (6.4 per cent, pH 1.9) only Nos. 6, 12, 14, 15, 
16, 17, and 18 grew. 

In malic acid Nos. 7, 9, 10, 13, and 16 failed to grow at 0,2 N (1.34 
per cent, pH 2.65) ; Nos. 7, 9, 10, 11, 13, 16, 19, 20, and 21 failed to 
grow at 0,42 N (2.81 per cent, pH 2.3) ; Nos. 7, 8, 9, 10, 11, 13, 16, 
17, 19, 20, and 21 failed to grow a,t 0.62 N (4.15 per cent, pH 2.1) ; 
Nos. 5, 7 to 13 inclnsiye, 15, 16, 17, 19, 20, and 21 failed to grow at 
0,95 N (6.36 per cent, pH 1.85) ; and only Nos. 2, 6, and 18 grew in 
1.02 N (6.7 per cent, pH 1.8). 

In oxalic acid Nos. 3, 11, and 13 failed to grow at 0,016 N (0.072 
per cent) ; Nos. 3, 11, 13, and 16 at 0.027 N (0.122 per cent), and Nos. 
1 to 5 inclusive, 7 to 11 inclusive, 13, and 16 failed to grow at 0.06 N 
(0.27 per cent). 

In tartaric acid Nos. 1, 4, 5, and 7 to 11 inclusive, and 13 did not 
grow at 0.2 N (1.50 per cent, pH 2.6) ; Nos. 1, 2, 4, 5, 7 to 11 inclusive, 
13, 15, 16, and 17 failed to grow at 0.37 N (2.78 per cent, pH 2.35) ; 
Nos. 1, 2, 4 to 13 inclusive, 15, 16, 17, and 20 failed to grow at 0.55 N 
(4.13 per cent, pH 2.10) ; Nos. 1, 2, 3 to 13 inclusive, 15, 16, 17, 19, 
20, and 21 failed to grow at 0.77 N (5,78 per cent, pH 1.95), and also 
at 0.94 N (7.05 per cent, pH 1.85). 

Most of tlie organisms studied were able to utilize the acids inves- 
tigated for growth when the concentration was not too high. Of the 
acids investigated lactic acid was more suitable to the growth of 
yeast and citric acid to the growth of molds. Reference to figure 2 
will show that the acids studied can be arranged as follows in order 
of their suitability for the growth of organisms studied at the concen- 
trations investigated: citric, lactic, malic, tartaric, acetic, and oxalic. 
The organisms studied had a lower tolerance for oxalic acid than for 
any of the other acids studied. Of the molds studied No. 18 was most 
tolerant of acid. Of the Mycodernias Nos. 1, 2, 3, 4, 5, 6, 12, and 14 
were most tolerant. While there appeared to be considerable correla- 
tion between growth and pH value for lactic, tartaric, and malic acids, 
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yet these acids apparently also exerted a considerable specific effect; 
that is, at equal pH values the acids varied in toxicity. For acetic 
and oxalic acid the specific action was particularly marked. 

The culture media were titrated at the end of the incubation period 
and it was found that invariably reduction in the total acid content 
accompanied g^rowth. This loss in acid was less in the more acid solu- 
tions owing probably to the fact that the amount of growth was less. 
It is remarkable that the organisms studied w^ere able to obtain food 



and energy for growth from the oxidation of various organic acids 
which in the concentrations employed are normally toxic to culture 
yeasts such as SaccJmromyces ellipsoideus. 

Tolerance for Acids m Brines . — The effect of salt on the acid 
tolerance of a few of the organisms under investigation was studied. 
Cucumber juice was diluted 1:3 with distilled water and 10 per 
cent of sodium chloride was added. To this medium various amounts 
of acetic, citric, and lactic acids were added. Flasks of the medium 
were then inoculated with loopfuls of organisms 3, 6, 7, 10, 18, and 20, 
which were previously cultured in the diluted cucumber-juice medium. 
The inoculated bottles were stored at room temperature and at the end 
of 30 days were examined for growth and titrated for acid* At this 
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time solutions in wiiicli no gTOwtli was evident were re-inoeulated with 
1 cc portions of cultures of the organisms mentioned above and incu- 
bated for another month. The results obtained are shown in table 9. 

The addition of as little as 0.5 per cent acetic acid inhibited the 
growth of all the organisms in the presence of 10 per cent salt. All 
of the acids in the concentrations nsed inhibited the growth of organ- 
ism No. 20. Organism 18 was especialty folerant of citric acid and 
fairly tolerant of lactic acid. However, its growth was slight in acid 
concentrations higher than 1.0 per cent. It grew better than the 
other organisms in the citrie-acid brine. In lactic-acid brines organ- 
ism 6 grew best wdth organisms 15 a close second. 

TABLE 9 


Growth m AciwriEo Brines 



The acid in each culture was titrated at the close of the exper- 
iment. In the 1 per cent citric-acid brine the greatest loss of acid 
was caused by organism 18 and the least by organism 3 and 6. Organ- 
isms 7 and 10 caused but little loss in acid. In solutions of higher 
citric-acid content the loss in acid was but slight, even with organism 
18 ,,' 

In the 1 per cent lactic-acid brine, organisms 7 and 10 caused the 
greatest loss, organisms 3 and 18 were next, and organism 6 last. 
The loss in acid in 2 per cent lactic-acid solutions was less but con- 
siderable, and in the 4 per cent lactic acid still less, the loss caused by 
organism; 6 being slight. 

The presence of 10 per cent salt greatly decreased the tolerance of 
these organisms for acid; as shown both by growth and by destruction 
of the acid. 

Tolermce fgr Adds in Fermented Cider.— FresMj fermented cider 
was sterilized in ^ 4^ bottles and was then inoculated with the 
cultiires the organisms under investigation. The inoculated bottles 
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were stored at room temperature for a period of two montlis. Tlie 
eider after sterilization contained 4 per cent alcohol and 0.58 per cent 
acid as malic. 

Of the twenty-one organisms under inYestigation, only Nos. 1, 2, 
3, 5y 6, 8, 11, 12, 13, 14, 15, and 16 grew in the above medium. 
Organisms 4, 7, 9, 10, 17, 18, 19, 20, and 21 failed to grow in the 
cider. This would indicate a marked variation in the ability of dif- 
ferent liycodermo. to utilize natural media for growdh. The former 
group of organisms did not grow luxuriantly in the fermented cider. 
The addition of 0.5 per cent acetic acid to the fermented cider medium 
inhibited the growth of only organism 13, but the addition of 1 per 
cent acetic acid prevented the growth of all organisms. ‘When 2 per 
cent malic acid was added, the growth of all organisms but Nos. 11, 
12, 13, 14 was inhibited, when 3 per cent malic acid was added the 
growth of all but No. 11 was inhibited, and the addition of 4 per 
cent malic acid prevented all growth. A lower concentration of acetic 
acid than of malic acid was necessary to inhibit growdh. That the 
addition of acetic acid will prevent the development of Mycodernia 
in fermented cider has been known previously. 


EFFECT OF SODIUM CHLOKID 

Very little research has been reported in the literature upon the 
salt tolerance of Mycodermas and molds. In studying the conserva- 
tion of meat and fish by salt, Pettersson^^'^ has found that certain wild 
yeasts can develop in fish in 25 per cent of salt. Bitting found 
that 5 grams of salt per 100 cc had no eifect on molds in meat bouillon 
while 30 grams per 100 cc prevented the mold. The yeasts studied 
by him did not develop in a solution containing 15 grams per 100 cc. 
Thom^^^^ found that 15 per cent salt inhibited the growth of certain 
Penmllium molds. Karaffa-Korbutt^^®^ found salt to possess a weak 
bactericidal power and found that many yeasts were capable of grow- 
ing in a 25 per cent solution. Mitra^^^t found the concentration of salts 
that inhibit growth ot 8 accharomyces ellipsoideus cells to be 2.2 M 
potassium ehlorid, 1.2 M magnesium eWorld, 0.7 M calcium chlorid 
and 0.2 M sodium ehlorid in a synthetic medium. 

Cruess*^®^ found that the addition of salt reduced the rate of 
destruction of added lactic acid by the Mycodermas and mold studied 
by him. Several cultures, including a mold, grew at 16 per cent salt 
and caused considerable decrease in acidity. One was inhibited at 
16 per cent salt but grew slightly at 14 per cent salt. None of the 
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organisms grew at 18 per cent salt. However, a mixed culture of 
Mycoderma and mold from cucumber brine grew to some extent at 
18 per eent salt. 

Eecentiy Spearman, Gee, and Luck^^'^ investigated the influence 
of sodium clilorid on the growth and metabolism of Saccharomyces 
cerevi^ias in a wort medium. They found that 8. cerevisiae will 
ferment wort containing up to 10 per cent salt, but the weight of the 
yeast crop obtained decreased as the salt concentration increased and 
the lag phase of the fermentation period was progressively lengthened 
by increasing concentrations of salt. 

In our experiments the effect of salt on the growth and metabolism 
of cultures 1 to 21 was studied. In a preliminary test flasks of 
sterile cucumber juice to which various amounts of salt had been added 
were inoculated with 1 ec portions of cultures 1 to 21. Before inocula- 
tion the medium used contained 9 grams lactic acid per 100 cc and 
was of 3.6 pH value. It was found later the pH value of the medium 
has a marked influence on the salt tolerance of these organisms. 

The addition of 4.6 per cent salt had little influence on the rate 
of oxidation of the lactic acid except by organisms 7 and 20, whose 
activity ’was much retarded. The addition of 8.2 per cent salt only 
slightly retarded the action of organisms 1, 2, 3, 4, 5, and 8, but 
considerably retarded that of the other organisms. Only organisms 
7, 9, and 10 show^ed growth at the end of 35 days in the 12.5 per 
cent salt solution. During the 35-day incubation period acid titra- 
tions were made at regular intervals. Curves showing the rates of 
destruction for several organisms are given in figure 3. The retard- 
ing effect of the salt is very evident. 

The pellicle formed at about equal rates in the natural medium 
and in that containing 4.6 per cent salt but much more slowly in that 
containing 8.2 per cent salt and still more slowly in that of 12.5 per 
cent salt. In this experiment salt exerted a greater retarding effect on 
the rate of growth of the molds than o-f the Mycodermas. 

The activity of the Mycodermas as measured by the reduction in 
total acidity was found to be proportional, within the experimental 
error, to- the amount of growth as determined by centrifuging a 
known volume of the solution and noting the volume of sediment. It 
would appear that the amount of acid oxidized by a given volume of 
the' Mycoderma in a given time is fairly constant and reduction 
brought about in the rate of oxidation of lactic acid by the addition of 
salt is caused by decrease in the size of the Mycoderma crop and not 
in its activity.'" 
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It was noted that the addition of moderate amounts of salt, e.g., 
2 to 4 per cent, increased the Mycoderma crop of some cultures and 
the amount of lactic acid oxidized in a period of 30 days. However, 
this evidence of growth stimulation was not consistent and not very 
conclusive. 

Suit Concentration Required to Inhibit Growth . — In one exper- 
iment a cucumber-juice medium was brought to pH 3.6 by the addi- 
tion of lactic acid and the following percentages of salt were added 



Fig. 3. Effect of salt on the rate of oxidation of lactic acid. 


and checked by titration with silver nitrate: 0, 4.6, 8.2, 12.5, and 15 
per cent. After sterilization, inoculation, and 30 days’ incubation it 
was found that all cultures had grown in the media of 0, and 4.6 
per cent salt; all except No. 13 had grown in 8.2 per cent salt; only 
Nos. 7, 9, 10, 12, and 21 had grown in 12.5 per cent salt and none 
had grown in 15 per cent salt. 

In dill brine the tolerance of the organisms for salt was somewhat 
less than in cucumber juice, probably because the dill brine was much 
poorer in nutrient substances and was of somewhat lower pH value, 
namely 3.2. All grew in brine of 6° Baum6 ; all except No. 13 grew 
in brine of 9.5° Baume ; Nos. 1, 2, .4, 5, and 8 grew in brine of 12° 
Baume; Nos. 1, 2, 4 and 8 grew in brine of 14° Baume; only No. 4 
grew in brine of 16° Baume and none grew at 18° BaumA The per- 
centage of salt was somewhat less than the Baume degree. 
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The tolerance for salt in a encumber- juice medium of pH 5.10 was 
foiuid to be g^reater than the tolerance in dill brine or in acidified 
cucumber juice. Organisms 1 to 21 preTiously cultured in plain 
cucuniber juice were transferred to tubes of sterile cucumber juice 
containing 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 per cent added salt. 
After six weeks Mneubation it was found that the minimum amount 
of salt necessary to inhibit growth under these conditions was as 
follows: The addition of 8 per cent salt inhibited the growth of only 
organism No. 13; 10 per cent salt inhibited growth of Nos. 11, 12, 
and 16; 12 per cent salt inhibited growth of Nos. 3, 6, 14, and 15; 14 
per cent salt was necessary to inhibit growth of Nos. 1, 2, 4, 5, 8, 
17, and 20; 20 per cent salt for 7, 9, 10, and 19; and growth of 
organism 21 occurred in the 20 per cent salt solution. 

It was thought the tolerance of the film yeasts for salt might be 
affected by the salt content of the medinm in which they had pre- 
viously been cultured. Accordingly several of the film yeasts were 
cultured in cucumber juice containing no added salt and in that 
containing 10 per cent added salt. Transfers were made to tubes of 
sterile juice containing 2, 4, 6, 8, 10, 12, 14, 16, and 18 per cent added 
salt. 

After six weeks incubation it was found that most of the cultures 
previously grown in a medium containing 10 per cent salt possessed 
a tolerance for 2 per cent more salt 'than those previously grown on a 
medium containing no added salt. For examples, organisms, 1, 2, 5, 
and 8, previously grown in the absence of salt tolerated 12 per cent 
salt; those previously grown in 10 per cent salt tolerated 14 per cent 
salt; organism 3 previously grown in the absence of salt tolerated only 
10 per cent salt; that grown in 10 per cent salt tolerated 16 per cent 
salt Organisms 12, 14, and 15 tolerated 2 per cent more salt when pre- 
viously grown in 10 per cent brine. Cultures from dill brine (which 
contains 4 to 5 per cent salt) possessed greater tolerance for salt than 
those from plain encumber juice. 

The effect of the pH value of the medium was emphasized by the 
foregoing experiment. The pH value of the medium in that exper- 
iment was 5.6, while another similar experiment the pH value was 3.6. 
At pH 5.6 the tolerance of the organisms for salt was much greater 
than at 3.6. Thus at pH 3.6 organisms 7, 9, 10, and 19 tolerated 12.5 
per cent salt but not 15 per cent, whereas in a medium of pH 5.6 they 
tolerated 18 per cent salt. Organism No. 21 tolerated 12.5 per cent 
salt at pH 3.6 and 20 per cent at pH 5.6. In another experiment organ- 
isms 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 17, 18, 19, and 20 grew in cucumber 
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Juice containing 10 per cent salt while only No. 20 grew in the same 
medium acidified wdth 1.5 per cent lactic acid. In order, to test the 
effect of pH value on salt tolerance more accurately seven of the 
organisms were cultured in encumber- juice media of pH 2.5, 2.9, 
3.2, 5.1, and 6.3 to w^hich various concentrations of salt were added. 
The results of this series of experiments are summarized in table 10. 


TABLE 10 

ErPECT OP pH Yauue on Salt Tolerance 


Organism 

pH 

2.5 

2.9 

3.2 

i 

5.1 

6.3 

Per cent salt required to inhibit growth 

1 

4 

10 

12 

18 

12 

'6 

6 

10 

12 

14 

12 

10 

0 

8 


18 

16 

13 

4 

8 

10 

8 

4 

14 

4 

10 

12 

14 

12 

17 

0 

6 

10 

14 

12 

21 1 

0 

4 

10 

18 

16 


The data clearly show that the lower the pH, the less the amount of 
salt necessary to inhibit growth. However, the maximum amount of 
salt necessary to inhibit growth naturally varied with the- organism. 

The salt tolerance of a few of the organisms studied was found to 
be less in apple cider than in cucumber juice. However, this differ- 
ence probably was caused not only by the difference in pH value but 
also by differences in the general composition of the two media. 

As previously noted for other experiments, it was noted that the 
volume of visible growth decreased with increase in salt concentra- 
tion. This effect was not marked in solutions of low salt content but 
became very noticeable in solutions of higher salt concentration. In all 
these tests distinct pellicle formation was tal^en as the criterion for 
growth. The results of the tests are summarized in figures 4 and 5. 
In figure 4, the number of organisms showing growth out of the total 
of twenty-one organisms studied is plotted against the percentage 
of salt for cucumber juices of pH 3.2 and pH 5.1 and against the 
Baume degree for dill brine. In figure 5 the percentage of salt 
required to prevent the growth of five organisms is plotted against 
';,pH value. 
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EFFECT OP DISTUEBING THE FILM ON GROWTH AND 
RATE OP ACID DESTRUCTION 

In determinings tlie rate of oxidation of lactic acid in a previous 
test, it was necessary to thoroughly mix the contents of the culture 
flask in order to secure a representative sample. It was suspected 
then that this periodic disturbance of the film might influence the true 
rate of oxidation of lactic acid. To test this assumption the following 
experiment was conducted : 

Eight portions of 70 ce each of sterile dill brine in 4-ounce bottles 
were inoculated with loopfuls of organism 10. One set of bottles was 
left undisturbed at room temperature. Another set was shaken two or 
three times daily. After a period of three weeks the remaining acid 

TABLE 11 

Effect or Disturbixo Film ox Oxidation of Acid 
(Per cent of acid destroyed) 


Organism No. 

2 

10 

Undisturbed 

97.0 

94.0 

Shaken several times a day 

26.2 

2.5 

Aerated i 

97.5 

65.5 


was determined by titration. In the undisturbed set, 99 per cent of 
the acid had been destroyed, while in the shaken set only 18.2 per 
cent of the total acid had been destroyed. 

Growth was much heavier in the undisturbed bottles. The periodic 
shaking did not altogether prevent the appearance of film growth, 
although it prevented its normal development. 

However, in these experiments the factor of aeration was not 
controlled. That aeration markedly increases the multiplication of 
yeasts, probably by removing carbon dioxide, has been known for 
many years. Recently Devereux and Tanner^^®! have reviewed the 
previous work and have found that the growth of the yeasts investi- 
gated by them in their synthetic nutrient medium was markedly in- 
creased by aeration. They found the effect of aeration to be most 
marked -with. Pichia farinosus. The maximum unaerated and aerated 
counts for this organism w^ere respectively 24.0 and 320.0 millions per 
cubic centimeter. As this yeast was the only one which formed a 
pellicle, they thought that there might be some correlation between 
pellicle-forming yeasts and those which respond positively to aeration. 
This point was not investigated further by them. 
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111 a second experiment tlie ability of a Mijcodernia to destroy 
lactic acid was studied in the absence of film formation when supplied 
with air by passage of a contiiinons stream of air through the cul- 
ture. Air was filtered through five inches of cotton and bubbled 
through 70 ec portions of dill brine in 125 cc Erlenineyer flasks, inocu- 
lated previously with 1 cc of cultures of organisms 2 and 10. The 
inoculated medium, however, frothed badly and some growth occurred 
along the sides of the flask, above the liquid. However, the exper- 
iment show^ecl that Mtjcodermus were capable of growing in the bottom 
of a flask of liquid medium when sufficient air wms supplied. 

For comparison the effect of disturbing the film by intermittent 
shaking at infrequent intervals wms again determined, and the loss in 
acid determined at the end of 10 days. The liquids in the aerated 
flasks were brought to volume before titration to compensate for loss 
from evaporation. The results obtained, are shown in table 11. 

Active oxidation of the acid occurred in the continuously aerated 
liquids, although film formation was prevented. 


EFFECT OF EATIO OF SURFACE OP MEDIUM TO VOLUME 
ON RATE OP DESTRUCTION OP ACID 

The changes in the nutrient medium caused by the growth of film- 
forming organisms are normally, in the absence of aeration, most pro- 
found at the surface of the medium where growth takes place. Increas- 
ing the surface exposed per unit volume should increase the amount 
of acid destroyed in a given time. If this were strictly so, then the 
ratio of the percentage of acid oxidized to the surface exposed per 
unit volume of the nutrient solution would be constant. To- test this 
hypothesis the following experiment wms eoiidiicted : 

To synthetic nutrient medium previously described was added 
lactic acid at the rate of 25 ec to 500 ec of solution. Ten, 20, 30, 40, 

TABLE 12 

, 'Effect of Ratio of Surface to Volume ox. Amount of Acib Oxiuizeo ^ , 


Volume added 
cc 

Height 

cm 

Surface/ volume 

Acid oxidized 
per cent 


10 

4.6 

0.217 

36.5 

168' ■ ' 

■ 20 ' 

9.1 

0.110 

19.2 

' 171, :, 

30 

,13.4 

0.075 

12.8 

170 

■■ 40.:"' 

17.7 

0.057 

: 9.7 

,471: ;, ' 

50 

22.3 

0.045 


',4:,":'' 171!,',;:' 

00 

26.5 ; 

Q:m 




* Ratio of percentage acid oxidized to siirfaoe/volnine. 
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and 50 cc of the acidified medium were placed in flat-bottomed 
Nessler tubes of approximately uniform bore, 1.7 cm in diameter and 
sterilized. The tubes were inoculated with organism 10 and the 
decrease in acid content determined after incubating for ten days at 
room temperature. The results are shown in table 12. 

It is evident that there is very good agreement for the values for K 
(ratio of percentage of acid oxidized to the surface exposed per unit 
volume) in this ease. This proves that the oxidation of lactic acid 
occurs mainly at the surface. In preliminary tests in which oil-sample 
bottles were used and the surface per unit volume varied from 0.08 to 
0.80, less close agreement for the value of K was observed, probably 
because of the greater experimental error involved. But even in these 
tests, the agreement was such as to show definitely that the rate of 
oxidation of lactic acid varies in proportion to the surface exposed per 
unit volume. 


EFFECT OF A LAYER OF NEUTRAL OIL ON GROWTH 

In some vinegar and pickle factories the vinegar stock or pickle 
brine in the storage vats is covered with a layer of neutral mineral oil 
in order to prevent the growth of Mycadermas, The oil layer retards 
or, if thick enough, prevents growth of Mycoder^ma by retarding 
diffusion of oxygen into the liquid beneath. It was thought desirable 
to determine the thickness of such an oil layer necessary to prevent 
growth. Accordingly the following experiments were conducted : 


TABLE 13 

Effect of Thickxess of Oil Layer on Percentage op Acm Oxidizeb 



Organism No. 

Thickness 
of oil film 

10 

21 


Acid oxidized 

mvi 

per cent 

per cent 

0 

Basic 

Basic 

0.5 

Basic 

91.5 

1.0 

100,0 

81.0 

1.5 

55.5 

62.2 

2.0 

24,0 

44.6 

3.0 

3.8 

15.5 

6.0 

0 

0 

8.0 

0 

0 

'11.0 ■ 


0 

''.mo.'/, 7 


0 

26.0 

■ 0 

0 
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To 50 cc portions of dill brine in 4-ounce bottles enougk neutral 
mineral oil was added to give oil films of tlie following thicknesses : 
0.5, 1, 1.5, 2, 3, 6, 8, 11, 17, and 26 mm. One set of these bottles in 
duplicate was inoculated with 1 cc portions of a culture of organism 

10 and another set with 1 cc portions of a culture of organism 21. 
The percentages of acid oxidized in 10 days are shown in table 13. 

Although the presence of 6 mm of oil prevented decrease in acidity, 
slight growth of the mold and the yeast took place just beneath the 

011 film. A very faint growth also occurred w^here films thicker than 
6 mm w^ere used. This slight growth may have been made possible 
by the small amount of air which gained entrance during inoculation. 


EFFECT OF pH VALUE UPON GROWTH 

It has been shown earlier in this paper that the pH value of the 
medium has a marked influence on the salt tolerance of these organ- 
isms and that dill brine wall not support the growdh of all of the 
organisms studied. This latter condition was thought to be due partly 
to the relatively low pH value of the medium. In order to obtain 
further data on the effect of pH value on the growdh of film organisms, 
dill brine was brought to pH values of 2.35, 2.6, 2.85, 2.90, 3.2, 5.6, 
6.7, and 9.8, by the adclition of lactic acid or of sodium hydroxid. 
The flasks of the sterilized brine were then inoculated with loopfuls 
of organisms 1 to 21 and examined for growth after a period of 
thirty days. That the pH value of the medium is of importance can 
be seen from the followung summary. 

None of the organisms grew at pH 2.35 and 9.8; Nos. 1, 2, 4, 5, 6, 
8, and 11 to 15 grew at pH 2.6; these, and also Nos. 16 and 19 grew 
at pH 2.85 and 2.90 ; all except Nos. 17, 18, 20, and 21 grew at pH 
3.2 ; all grew at pH 5.6; and only Nos. 7, 9, 10, 17, and 21 grew at 
pH 6.7. 


NITROGEN FIXATION 

Growth oi Mycoderma occurs on the surface of ‘salt stock ^ tanks 
for a period of two years or more even when the film is skimmed at 
frequent intervals. The fact that this recurring growth can take 
place in a medium naturally so poor in nitrogen might indicate that 
nitrogen fixation occurs. Analysis showed the scum yeast to be but 
little poorer in nitrogen content than brewer's yeast grown in a med- 
ium ".rich in nitrogen. . 

Lipman^^^^ has shown that Mycoderma vini is capable of fixing 
nitrogen in media very low in nitrogen. 
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Using the technique devised by Lipman^^®^ for his experiments, 
cultures of the twenty-one organisms were growui for two months in 
cucumber juice containing only 0.01 per cent nitrogen. Total nitro- 
gen was then determined by analyzing the entire individual cultures. 
It was found that under the conditions of this test, no nitrogen or at 
most only a negligible amount was fixed. Evidently these organisms 
can thrive in a medium low in nitrogen. 


EFFECT OF OXYGEN SUPPLY 

As stated earlier in this paper the organisms studied were found to 
be strongly aerobic. Growth did not occur in agar plates stored in 
an evacuated desiccator, and in slab cultures in agar and gelatin, 
growth was confined to the surface. As shown elsewhere growth and 
activity were retarded by thin layers of mineral oil and in some cases 
entirely inhibited by thick-layers of this soil. 

To further determine the effect of size of headspace on growth and 
activity in a sealed container 8-ounce bottles were completely filled 
with dill brine lightly inoculated with a mixed Mycoderma culture, 
and then 5, 10, 20, 50, and 100 cc respectively were withdrawn and 
the bottles sealed with crown caps. After incubating for one month 
at room temperature the bottles were examined for grdwth and the 
loss in acid was determined. It was found that only in the cotton- 
plugged controls was growth heavy and the decrease in acidity marked. 
In the sealed bottles a slight pellicle formation was observed in the 
bottle with 100 cc head space. Surface growdh did not occur in any 
of the other bottles. No significant differences in volume of sediment 
were obtained by centrifuging 20 cc portions of the cultures. The 
difference in the acid content was also very slight. 

This test was repeated using non-acidified cucumber juice, a more 
favorable medium, in 4-ounee bottles. Headspaces of 0, 5, 10, 20, 25, 
50, 75, and 100 cc were provided as previously described. These 
bottles were heavily inoculated with a mixed Mycoderma culture, 
sealed with crown caps and incubated. After 24 hours a slight film 
growth occurred in all except that with 0.0 cc headspace. The pellicle 
in the bottle with 5 cc headspace was very slight and when disturbed 
did not remccur. After seven days’ incubation the relative amount of 
film growth was in proportion to the oxygen supply, being very 
heavy in the bottles plugged with cotton; somewhat le^s but still heavy 
at 100 cc headspace ; moderate at 50 and 75 cc headspace ; light at 25, 
20, and 15 cc; very light at 10 cc and negative at 5 cc headspace. 
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Wlien the bottles were shaken, the turbidity of the liquid was much 
greater in the bottles plugged with cotton than in any of the sealed 
bottles. The ainomit of growth as determined roughly by volume of 
sediment and by counting by microscope was in proportion to the 
volume of headspace. 

These observations corroborate the recent investigations of Ayers, 
Barnby, and Voiglitd'-^^ 


EFFECT OP CERTAIN ANTISEPTICS AND GERMICIDES 

O^diig to the fact that the growth of Mycoclenna on food storage 
brines causes deterioration and loss, it is desirable to ascertain whether 
growth can be prevented by the use of permissible antiseptics and in 
what manner the efficacy of such antisepetics is affected by the com- 
position of the medium. For this reason the antiseptic power of cer- 
tain chemicals toward the mixed Mycodernias normally occurring in 
salt stock brines was studied. 

Comparison of Various Antiseptics.- — The experiments with anti- 
septics were conducted first to compare the toxicity of a number of 
antiseptics 'to ' Myeodermas :mA secondly to determine the effect of salt 
concentration and pH value of the medium on the toxicity of sodium 
benzoate. 

In the first experiment, salt stock brine procured from the Cali- 
fornia Conserving Company was used. This brine was 17° Baume 
and showed a total acid content expressed as lactic of 0.46 grams per 
100 ee. 

Tie following antiseptics were added to this brine: acetic acid, 
eitric acid, hydrochlorie acid, lactic acid, oxalic acid, sulfurous acid, 
sodium siilfid, sodium thiosulfate, sodium sulfite, sodium metabisulflte, 
sodium eyanid, potassium permanganate, potassium chromate, mer- 
eiiric chlorid, barium chlorid, calcium chlorid, cupric acetate, cupric 
sulfate, ferric, sulfate, ferric chlorid, ■ ferrous sulfate, potassium, alum, 
zinc ■ sulfate, ' formaldehyde, hydrogen peroxid, analine oil, , carbon', 
bisulfid,' toluene,.' xylene, ,benz.ine, and' phenol.. Acetic and lactic acids 
were used in concentrations of .1-1.5. per^ cent hydrochloric,, eitric, and 
,.oxa.Mc acids in concentrations, of 0 . 1 - 1.0 per,, cent; the' .other .'acids' 
.salts' in 'concentrations' of' O '. 0 1 - 0.10 per cent, "and' ''mercuric, 
chlorid'' in'.. concentrations of 0 . 001 - 0,100 p.e,r',cent 'The. oils.' such,', as 
carbon bisulfide, xylene, and toluene, were added as drops, 1-10 drops 
beiiig' used per 100 grams of brine. 
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As the brine used in the first series was poor in bacterial food and 
higii in salt content, it was diluted to lO"" Bainne and to each 1,000 ce 
was added 10 grams of dextrose, 1 gram peptone and 0.5 gram dipotas- 
simn phosphate. The resulting brine was 11° Baiinie and contained 
0.24 grams acid per 100 ec expressed as lactic. It was much more 
favorable to the growth of the Mycodermas present. 

TABLE 14 

CoxcBN'mA.rioosr of Vaeiotjs Antiseptics Heqxjieeo to PRE^mNT Growth of 
Mixei> Culture of Mycolerma on 17° BAUMi Brine ano on 11° Bauaie 

Fortified Brine 


Antiseptic 

Concentration necessary 
to prevent growth 

On 17" Baum6 
per cent 

On 11° Baum4 
per cent 

Acetic acid 

0.40 

0.70 

0.20 

0.06 

1 1.50 

0.30 

0.01 

0.01 

0.01 

0.01 

0.002 

0.02 

0.06 

1.0 

Citric acid 

Hydrochloric acid 

0.20 

Hydrofluoric acid 

Lactic acid 


Oxalic acid 

0.80 

0.06 

Sulfurous acid ; 

Sodium benzoate 

Sodium sulfite. 


Sodium metabisulfite 


Mercuric chloric 

0.001 

0.04 

F ormaldehy de i 

Hydrogen peroxid 



Aniline oil 

6 drops 

30 drops 

8 drops 

8 drops 

6 drops 

Benzine 

Toluene 

8 drops 

6 drops 

0.06 

Xylene 

Phenol 





The treated brines and untreated check samples were stored for 
a period of four months at room temperature. At the end of that 
period luxuriant growth had occurred in the untreated samples of 
brine. Growth was inhibited by the antiseptics listed in table 14 when 
used in the concentrations shown. Other antiseptics tested did not 
prevent growth in the concentrations used. Heavy growth consisting 
of the usual white Mycoderma^m occurred in most samples in which 
insuffieient antiseptic was used. In some samples the surface wms 
not completely overgrown, although a white ring formed on the sides 
of the container and was taken as evidence of growth. 

The following additional experiments were made: Salt itself was 
used as an antiseptic in one experiment and it was found that growth 
occurred at 21° Baume after months incubation and at 22° Baumd 
after 4 months; 23° Baume prevented growth. 
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x4itlioiigli growth was prevented by 0.06 per cent hydrofluoric acid 
it was not prevented by 0.10 per cent ammonium fliiorid, the maximum 
concentration used. 

Owing to its observed strong toxic effect further tests were made 
with sulfur dioxid solutions. Various amounts were added to 50 gram 
portions of salt stock brine of 18.3° Baume and 0.08 per cent acidity. 
G-rowtli oeeiirred in all concentrations at the end of two weeks except 
at 0.035 per cent. In this same brine the addition of as much as 0.08 
per cent sodium benzoate did not prevent growth. The addition of 
0.02 per cent hydrofluoric acid prevented all growth in this brine. 

The use of alkali as an antiseptic to prevent the growth of normally 
occurring organisms in salt stock brine was roughly determined. 
Salt stock brine was brought to the following pH values by the addi- 
tion of sodium hydroxid; pH 4.5, 5.5, 7, 8.2, 9.0 and 9.8. After incu- 
bation at room temperature for four months, growth occurred at all 
pH values except the most alkaline, namely, pH 9.8. 

The results obtained, especially those with sulfurous acid and 
sodium benzoate, indicate that the concentration of the antiseptics 
reqnired to prevent Mi/coderma growth varies considerably with the 
medium. 

Of the antiseptics investigated, sulfurous acid, hydrofluoric acid, 
and sodium benzoate were the best both from standpoint of effi- 
cieney and of their probable effect on the pickles. 

Of these three, sulfurous acid was most efficient, 0.04 per cent 
preventing all growth. When the brine was sufficiently acid, only 
0.01 per cent sodium benzoate was required to inhibit growth. This 
is also true for the sulfites and sulfurous acid. However, when the 
acidity was low, even 0.08 per cent sodium benzoate did not prevent 
growth. Hydrofluoric acid was the most efficient of the mineral acids 
with the exeeption of sulfurous acid. Although 0.06 per cent hydro- 
fluoric acid was required in one experiment, growth in solution of 
higher coiieentratioiis than 0.01 per cent wms restricted to very slight 
ring formation. In concentrations of 0.02 per cent it practically 
inhibited growth. 

Effect of:SaI>t Co:mentrati(m on the Toxicity of Sodiiim Benzoate . — 
Preliminary experiments showed that in encumber juice of pH 5.1 
and in the presence of 15 per cent salt, less than 0.1 per cent of 
sodium benzoate was required to inhibit growth. In solutions of 
■lower' salt content much' larger amounts were necessary. 
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These obseryations led to the following experiments with cncnmber- 
jnice media of various salt and benzoate concentrations and inoculated 
with the following cultures: 

A — Mixed Mycodermas freshly isolated from dill brine. 

B — ^]\Iixed Mycodermas and mold spores from olive brine. 

C — Organism No. 6 preserved in a 10 per cent NaCl cucumber- 
juice brine at 32° P. 

D — Organism No. 3 preserved as above. 

P— Organism No. 8 preserved as above. 

F — Organism No. 21 from eider culture. 


TABLE 15 

Effect op Salt CoNCEXTRATion ou" the Concentration of Sodium Benzoate 
Bequired to Prevent Growth 


Salt 

Culture tested 

A 

B 

C 

D 

E 

F 

Concentration of sodium benzoate to prevent growth 

-per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

0 

0.40 

0.20 

0.20 

0.10 

0.20 ; 

0.20 

5 

0.15 

0.15 

0.05 

0.10 

0.10 

0.10 

10....... 

0.05 

0.05 

0.05 

0.05 

0,05 

0.05 

15 

0.05 

0.05 

0 05 

0.05 

0.05 

0,05 


Cucumber juice was brought to pH 5.10 and 15 per cent salt con- 
tent and to the plain cucumber juice as well as that containing added 
salt the following percentages of sodium benzoate were added: 0.05, 
0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, and 0.50 respectively. The 
prepared media were then tubed, sterilized, and inoculated with the 
above cultures, and incubated for 10 days. At the end of this period 
members of this series showing no growth were re-inoculated. Pinal 
observations were made after an incubation period of one month. The 
amount of sodium benzoate necessary to inhibit growth is shown in 
table 15. Growth of all the organisms studied occurred in the absence 
of sodium benzoate at all salt concentrations. 

The mixed cultures A exhibited somewhat greater resistance than 
the others to benzoate at 0 per cent and 5 per cent salt but at 10 per 
cent and 15 per cent salt all were of about the same resistance. Much 
less benzoate was required to prevent growth at 10 and 15 per cent 
salt than at 0 and 5 per cent. 
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Effect of pH Vcdiis on the Toxicity of Sodium Bemoate to Myeo- 
dermm. — To tubes of apple juice adjusted to various pH values by 
the addition of citric acid or of sodium liydrosid and containing' vari- 
ous concentrations of sodium benzoate, was added a mixed culture of 
3Iyeoderma from dill brine and salt-stock brine. Tlie tubes were incu- 
bated for 6 moiitlis and tlie presence or absence of growth noted with 
the results shown in table 16. 


TABLE 16 

Effect of pH Talite on the Toxicity of Sodium Benzoate to Mycodermas 


pH value 

Benzoate 
required to 
prevent growth 
i grama in 100 cc 

2.7 i 

0.05 

3.8 1 

0.06 

4.7 

0.50 

5.4 

1.00 

7.3 

4.00 

7.8 

More than 1.0 

10.0 

0.70 


It will be seen that the pH value of the medium exerted a strong 
effect on the concentration of sodium benzoate required to prevent 
growth and that maximum tolei’ance lay at some pH value between 7.3 
and' 10.0, 


EFFECT OF LIGHT 

Although no extensive investigations on this point were conducted, 
it was observed that the growth of the organisms investigated took 
place in both diffused light and in the dark, but not in direct sun- 
light. This was found to be true both for liquid and solid media. This 
eondition was also found true in practice since growth of Mycoderma 
and mold does not occur on salt stock tanks exposed to the sun. 


DEATH-TEMPERATUEE STUDIES 

Although the death temperatures and the factors influencing them, 
have been extensively studied for various baeteria, references to the 
death temperatures of 'yeasts- and .'.molds " in, the, literature ".'are.' not 
so numerous, and the available literature on the death temperature 
of Mycodermas is very scanty. In 1905, Takahashi^^"^ isolated several 
varieties of Mycodermas from sake, kaji, and sake mash and studied 
their properties. He determined killing temperatures for his cul- 
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tures to range from 54.4:° C to 60'" C. Later the same iso- 

lated another Mycodermu which was killed in a moment' at 70° C, or 
on exposure to 64° C for 5 minutes. 

Ayers and assoeiates--^^^ deteriiiined the death point of a ciiltiire of 
Mycodernia isolated from cloudy olive brine by heating in olive infu- 
sions containing various percentages of salt. They state that ^‘In a 4 
per cent salt brine the organism was not destroyed by heating the brine 
to 130° F (54,4° C) and maintaining this temperature for five min- 
utes. However, in an 8 per cent salt brine it was destroyed at this 
temperature when maintained for 5 minutes.’’ They found that in a 
14 per cent salt brine the death temperature was lowered to 125° F 
provided this temperature was maintained for 10 minutes. Growth 
occurred in the 4 and 10 per cent salt brine after the same treatment. 

TABLE 17 

Death Point op Mygodermas in Cucumber Juice 


Organism 

Death point 

A 

60® C for 10 min. 

B 

60® C for 30 min. 

f) 

50® C for 30 min. 

3 

60“ C for 10 min. 

8 

60® C for 30 min. 

21 i 

65® C for 30 min. 


In our investigations the death temperatures of five cultures of 
Mycodernias and one culture of Penicillmm ivere determined. The 
cultures were designated A, B, 6, 3, 8, and 21 to conform with previous 
designations. A was mixed culture of Mycoderma yeast from 1928 
dill brine and B was a mixed culture of mold spores and Myeoderma 
yeast from 1928 olive brine. 5 ec of sterile cucumber juice in small 
thin glass test tubes (1 cm in diameter and 12 cm long) were inocu- 
lated with small loopfuls of the organisms and heated in water baths 
held at 50, 55, 60, 65, 70, and 75 ° C respectively for 5, 10, and 30 
minutes. Upon removal from the heating bath the tubes were immed- 
iately cooled in cold water and incubated at room temperature and 
were examined periodically until no further growth occurred. The 
results of the final observation are shown in table 17. 

The death-temperature tests were then extended to inciude the 
effect of amount of inoculum, pH value of the juice and its salt con- 
tent. Cucimiber juice of pH 5.05 was brought to pH 2.75 by the 
addition of lactic acid and to pH 7.5 by the addition of sodinni 
hydroxid. It was also brought to 2, 4, 6, 8, 10 and 12 per cent salt 
content. Five cubic centimeter portions of the prepared medium were 
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placed in test tubes (these tubes were larger than those used previously ^ 
measuring 1.6 cm in diameter, 15 cm long and 1.5 mm thick) and 
sterilized. The media were then inoculated with 5 drops of suspen- 
sion of each of the cultures studied. This inoculum produced a turbid 
solution. The tubes were then heated for 5 minutes in water baths 
held at 50, 55, 60, 65, 70, and 75° C, respectively, and incubated. 
Distinct pellicle formation was taken as evidence of growth. The 
results are shown in table 18. 


TABLE 18 


Effect of Salt and pH on Death TEaiPERATVEE 


pH 

Salt 

Death temperature with 5 minutes’ exposure 

Organism 

A 

B 

3 

6 

8 

21 


per cent 

■per cent 



“C 

“C 

“C 

2.75 

0 

55 

55 

55 

50 

50 

50 

5.05 

0 

70 

70 

65 

65 

60 

75 

7.5 

0 i 

70 

70 

65 

65 

65 

75 

5.05 

0 1 

70 

70 

65 

60 

60 

75 

5.05 

2 , j 

70 

70 

65 

60 

60 

75 

5.00 

4 

70 

65 

65 

60 

60 

75 

5,05 

6 

70 

65 

65 

60 

60 

75 

5.05 

8 

70 

65 

65 

55 

60 

75 

5.05 

10 

65 

65 

65 

55 

60 

55 

5.05 

12 

60 

60 

60 

55 

60 

55 


The death points of the organisms studied were higher than those 
reported by Takahashi^''^^^ and Ayers^^®^ for their organisms. At a low 
pH the death temperature was considerably lowered. Moderate con- 
centrations of salt did not affect the death temperature hut high 
concentration lowered it considerably for most of the organisms 
studied. 

CLASSIFICATION OP THE STRAINS OP MYCODERMA 

STUDIED 

The various strains of Mycoderma resembled each other fairly 
closely in macroscopical appearance but differed in their microscopical 
appearance and in their tolerance for salt and for acid. In their 
tolerance for salt, especially, the organisms studied have retained the 
charaeteristies exhibited in their original environment. 

' ■„ On' the '-basis' of, , their ' tolerance' ’ for' salt,, the' sixteen strains of, 
Myeode-’rma ,studied"inay' be classified 'into the following three groups: 
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1. Growth inhibited in cucumber juice by the addition of 10 per 
cent salt. Organisms 11, 12, 13, and 16 fall in this group. 

2. Growth inhibited in cucumber juice by the addition of 15 per 
cent salt. Organisms 1, 2, 3, 4, 5, 6, 8, 14, and 15 fall in this group, 

3. Growth inhibited in cucumber juice by the addition of 20 per 
cent salt. Organisms 7, 9, and 10 fall in this ginup. 

In group 1, organism 13 differs from the other three in its lower 
salt tolerance, both in cucumber juice and in dill brine. In fact it 
had the lowest salt tolerance of all the organisms studied. Organisms 
11, 12, and 16 are very similar in their salt tolerance. Organism 13 
exhibited a maximum salt tolerance in cucumber juice of pH 3.2 and 
low’-er fealt tolerance at other pH values. In cucumber- juice medium, 
organisms 16 oxidized lactic acid more rapidly than 13. In dill brine, 
organisms 11 and 12 oxidized the acids present at about the same rate. 
The initial rate was rapid but decreased with decrease in concentra- 
tion of acid. In the case of organism 16, however, the rate of oxida- 
tion of acid wms slow at first but increased as the concentration of acid 
decreased. Organism 13 oxidized lactic acid least rapidly of all the 
organisms in this group. Organism 11 was more tolerant for acetic 
acid than Nos. 12, 13, and 16, but less tolerant for citric acid. Organ- 
ism 11, 13, and 16 were less tolerant for malic acid, oxalic acid, and 
tartaric acid than No. 12. 

On cucumber juice, the films formed by organisms 11 and 13 are 
thin and only lightly wrinkled, particularly that of No. 13. They 
both show a turbid medium, much fine sediment, and a considerable 
growth on the walls of the tube. Organism 12 forms a thick, wminkled 
film under w^hich numerous granules form and settle to the bottom as 
a loose, granular sediment. Organism 16 forms a smooth, thin film, 
with heavy compact sediment. Unlike the others it produces notable 
quantities of gas. In microscopical appearance No-. 13 differed in the 
predominance of short sausage-shaped cells, No. 16 in the predom- 
inance of branched chains of spherical to sausage-shaped cells. Organ- 
isms 12 and 13 were very similar to each other in size, No. 11 was 
smaller than the others and No. 16 differed from Nos. 11, 12 and 13 
in the predominance of large spherical cells. 

In group 2, organisms 3, 6, 14, and 15 were less salt tolerant both 
in cucumber juice and in dill brine than the others in this group. In 
dill brine, No. 5 was less salt tolerant than Nos. 1, 2, 4, and 8 ; No, 4 
was the most salt tolerant of all organisms in dill brine. Organisms 
1, 6, and 14 showed maximum salt tolerance in eueumber juice at pH 
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5.1 Organisms 1, 4, 8, and 14 oxidized lactic acid in enciiiiiber juice 
more rapidly than Nos. 2, 5, 6, and 15^ and organism 3 oxidized lactic 
acid ill Ciieiimber juice very slowly. In diU brine, organism 3 oxidized 
the acid slowly, also, but the others rather rapidly. These organisms 
were somewhat tolerant to acetic acid, Nos. 1, 2, and 3 being more so 
than the others ; Nos. 6, 14, and 15 were more tolerant for citric acid 
than the others and No. 4 least tolerant ; Nos. 2 and 6 were more tolerant 
for malic acid than the others and No. 8 least tolerant; No. 6 was 
fomid to be most tolerant for oxalic acid and No. 3 least tolerant ; No. 
14 was most tolerant for tartaric acid and Nos. 1, 4, 5, and 8 least. 

On euciiiiiber juice Nos. 1, 2, 4, 5, 6, and 8 grew similarly, No. 3 
differed in that the film was thinner and only lightly wrinkled, the 
sediment was finer and the medium was more turbid ; the film for No. 
14 was thicker and only slightly wrinkled, there was but little sediment 
and much gas; No. 15 had only a slight film growth but a much 
heavier sediment and evolved gas. In microscopical appearance, Nos. 
1, 4, and 6 were sausage-shaped to filamentous with very common chain 
formation; Nos. 2 and 8 were spherical to long rod-shaped with 
predominating sausage-shaped cells; No. 5 short sausage-shaped; No. 
14 was sausage-shaped and the cells occurred in branched chains; 
Nos. 3 and 15 were spherical to ellipsoidal in shape. On the average 
No. 14 was considerably larger than the others. 

In group 3 all the organisms were much less tolerant to salt in 
dill brine than in cucumber juice. The organisms of groups 1 and 2 
were about equally tolerant in each, or even slightly more tolerant in 
dill brine. Organism No. 10 exhibited its maximum salt tolerance at 
pH 5.1 (natural cucumber juice) and had a lower salt tolerance in 
media of less and greater pH. Organism No, 9 oxidized lactic acid 
in eucumber juice more rapidly than did Nos. 7 and 10. In dill brine 
their rate of oxidation of acid was similar. They showed similar 
tolet^a^w^se for acetic acid, citric acid, malic acid, oxalic acid, and tar- 
taric acid. In the presence of 10 per cent salt, organism No. 10 was 
/more 'tolerant for 'citric . acid 'than 'No. 7. On cucumber juice, Nos. 9, 
and 10 differed from No. 7 in forming a more wrinkled, thieber film 
and a more compact sediment. In other media, growth was similar for 
ail three. In microscopical appearance No. 9 differed from Nos. 7 
and 10 in the predominance of short sausage-shaped cells and the cells 
were larger than either No.'7''or;.No.'''10, ' v ■ / ^ 

On the basis of this classification, the sixteen strains may be divided 

■:in|o'';yarietieS:;asioll0^^^^ 4^ 



Dee.j 1929] Joslyn-Cruess : Investigation of Certain Film-Forming Fmigi 2S7 


Group 

Variety 

Organisms 

Chief criteria for differentiation from other members of same group 

1 

A 

13 

1 

■Microscopical appearance, rate of oxidation of lactic acid, tolerance fox 

1 

B 

11, 12, 16 

J 

f acid and salt. 

2 

C 

1,4,6 


' ' 

2 

D 

2, 3, 8, 15 

1 

1 

['Microscopical appearance- 

2 

E 

5, 14 


■ 

3 

1 F 

9 

1 

'Rate of oxidizing lactic acid and microscopical appearance. 

3 

G 

1 7, 19 

N 

f 


The division of varieties C, D, and JJ was probably the most arbi* 
trary as it was based cMefly on microscopical appearance. It is be^ 
lieved that with this exception the groups of organisms show sufficient 
difference in their properties to be classified into varieties and not 
merely designated as strains of the same species. 


SUMMAEY AND CONCLUSIONS 

Some of the morphological and physiological properties of 16 
strains of Myoodemms, one of Tonda and 4 of molds from food-storage 
brines have been studied and the results reported in this paper. 

1. The Mycodermas resembled each other fairly closely in maero- 
seopieal appearance but marked differences were found in their micro- 
scopical appearance. The molds were typical in appearance for the 
genera represented, namely, Penicillmm and Mucor; tine strain of 
Tomte was also typical. 

2. It has been found that the organisms studied retained the 
characteristics exhibited in their original environment, even after 
prolonged growth in various media. 

‘ 3. The various strains of differed in their tolerance 

for salt and for aeid. 

4. All of the organisms studied were capable of growth in nutrient 
sucrose, dextrose, maltose, lactose, mannite, glycerin, acetic acid, 
citric acid, lactic acid, malic acid, oxalic acid, and tartaric acid. 
Growth in these media, in most cases, was not accompanied by visible 
gaseous fermentation of the medium. 

5. Of the acids studied, citric acid was found most suitable for 
the development of the molds and lactic acid for the development of 
the Mycodermas^ especially of strains isolated from pickle brines. 
Oxalic acid was most toxic. Acetic acid was less toxic than w^as 
expected. Many of the Mycodermas were capable of growth even in 
moderately high concentrations of this acid, 

6. The concentration of salt necessary to inhibit growth of the 
various organisms was found to depend upon the composition of the 
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mecliiiM especially its pH value upon the ^ manner of inoculating, and 
upon the previous method of growing the, respective, cultures. In 
general, the lower the pH of the medium, the lower was the concen- 
tration of salt required to inhibit growth. Although a few of the 
org^anisms were capable of growing in the presence of 20 per cent or 
more of salt, most of them were inhibited by the presence of 15 per 
cent salt. 

7. The action of the organisms on the nutrient medium was appar- 
ently limited principally to the surface, for, it was found that their 
activity was markedl}^ influenced by disturbing the film or changing 
the ratio of surface to .volume. 

8. The activity of the organisms was retarded by the presence of a 
layer of neutral mineral oil. A certain minimum tliiclmess of layer 
was found necessary to completely inhibit growth; this was 6 mm, 
under the conditions of oiir test. 

9. The organisms were strongly aerobic and their development and 
activity was easily checked by limiting their oxygen supply. 

10. No nitrogen fixation occurred in dilute cucumber juice. 

11. Exposure to direct sunlight inhibited growth of all of the 
organisms studied. 

12. Of the antiseptics studied, sodium benzoate, sulfurous acid, 
and hydrofluoric acid were most efficient and most practicable for 
factory use. Prevention of the growth of My coderma by the organic 
acids used or by salt was not found feasible, as too large a concentra- 
tion of each is required when used alone. However, in the presence of 
moderately large amounts of salt, lower eoneentrations of acid are 
required. The toxicity of the antiseptics studied was increased by 
increasing the salt and acid content. This was especially true of 
sodium benzoate. ■ 

13. The death temperature of some of the organisms was deter- 
mined. It was found to be influenced by pH, salt concentration, and 
amount of inoculum'used.'' ■ 

14. The sixteen strains of Myeodermm studied were classified into 
three' grO'ups and into seven varieties.- 
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COMPARISONS OP DAYTIME AND NIGHTTIME 
SOIL AND AIR TEMPERATURES 

ALFEEDSMITHi 


INTRODUCTION 

The importance of minimum, optimum, and maximum tempera- 
tures as well as of average temperatures for plant and animal life has 
been stressed by many writers. The time and rate of germination of 
seeds is without question largely dependent on soil temperature condi- 
tions. With most cultivated plants growth does not begin until a 
temperature of 40° to 50"^ Fahrenheit is reached by the soil. 

Mosier and Gustafson state that growth is most vigorous at 
from 80 ^ to 90^^ F, and that the soil nitrifying bacteria are most 
active at temperatures between 60° and 86° F. Other investigators 
give higher or lower ranges, as King^^^ who in referring to Eber- 
mayer's investigations states that growth takes place most vigorously 
after the soil has reached 68° to 70° F, and that the maximum 
activity of the nitrifying bacteria occurs after a soil temperature of 
98° has been reached; but if the soil reaches a temperature of 113° P 
their activity is nearly stopped, it being as weak as at 54°. 

The effect of temperature on plant diseases and insect damage 
has received considerable attention. Smith shows that the effect of 
the teniperature on parasites or fungous diseases of insects may be 
different from that on the insects themselves. He refers to the oat 
aphis which multiplies at a temperature of 40° or above, while the 
common parasite of this and of many other aphids is not active at a 

I Associate Professor of Soil Technology and Associate Soil Technologist in 
the' .Experiment' 'Station*v . " '■ 
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temperature below 56°. At a temperature of about 70°, however, the 
parasite will multiply approximately teu times as rapidly as its host. 

■ Jones, Johnson and Diekson*^-^ point out that the ^^eneral curve of 
plant disease development rises rather gradually to i,ts optimum, 
then makes a sharp drop as temperature rises above this. The 
optimum they found was about 82° P for most of the diseases they 
investigated. 

That temperature has an important eftect on certain physical 
processes in soils has long been recognized. Bouyoixcos^^^ demon- 
strated that the rate of percolation of water increases with rise of 
temperature to about 86° P, and then decreases with further rise in 
temperature. This was true with a sandy loam, silt loam, clay loam, 
clay and muck soils while with a sandy soil the rate of flow increases 
with a constantly rising temperature. In the former soils he explains 
the results on the basis of the swelling of the colloidal material. The 
rate of flow of air through soils he found decreased with rise in 
temperature. King*^'^^ shows that soil ventilation due to diurnal 
changes in soil teinperatiii*e will range from 0 up to possibly 20 
cubic inches per square foot. 

The importance of daytime and nighttime atmospheric or soil 
changes has received little consideration. Kincer^^^ has pointed out 
that in sections where the summer rainfall is not abundant, greater 
benefit to vegetation results if the rains come largely during the 
nighttime. There is not as great an evaporation from the soil and the 
cultivated soil is not so likely to be crusted as when the rains are of 
the daytime type where the effect of the hot sunshine often produces 
harmful results. Photosynthesis or the assimilation of carbon dioxide 
and a greater rate of transpiration by plants is a normal activity 
during the periods of sunlight according to the general prineii)les of 
plant physiology. Mason^®^ reports that from records of the leaf 
elongation of palms in darkness it appears that such effects are dia- 
metrically opposed to the daylight activities. He has shown that 
the ‘ ' inhibiting of the date-palm leaf growth in intense simlight of the 
desert regions is due chiefly to the action of rays of light of definite 
wave length, that photosynthesis is most active in longer wave lengths 
and thus growth is inhibited by light that has but little potency in 
photosynthesis and conversely carbon assimilation is favored by light 
that has but little ability in inhibiting ^g^^ 

There seems to be a justification when considering the changes that 
are regularly taking place in the soil and air temperatures to consider 
the daytime hours and nighttime hours separately and not simply a 
certain daily (24 hours) maximum or minimum temperatiire.^^ 
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METHOD OF OBTAINING TEMPERATURE DATA 

Air temperatures were obtained by means of a thermograph 
placed in a U. S. Weather Bureau shelter at a height of 4^^ feet 
above the soil surface. Soil temperatures were automatically recorded 
every 15 minutes by means of a Leeds and Northriip temperature 
recorder with electrical resistance thermometers placed at several 
depths in an area that was kept free, of growing vegetation. Details 
concerning the area at Davis, California, w^here the observations were 
made have been described in a previous publication.^*^ The daily 
period of 24 hours was divided into two periods, the daytime or day- 
light hours and nighttime or the period between sunset and sunrise. 

Portions of two years have been selected for this discussion, 
namely: February 20 to October 1, 1925, and January 1 to June 21, 
1927. All of the temperature data obtained during these two years 
has been shown elsewhere*^®^ by hour intervals, together with informa- 
tion on the character of the sky, general wind direction and periods 
of rainfall. The data herein reported were obtained by using all of 
the 15-minute records for each thermometer. In the 1925 period the 
shortest day was on September 30, when sunrise occurred at 6 :01 and 
sunset at 5:51. The longest days were between June 16 and June 22 
inclusive, when sunrise occurred at 4:39 or 4:40 and sunset at 7 :34 or 
7 :35. The number of daylight hotirs therefore ranged from approx- 
imately 11 hours to 15 hours. During the 1927 period the shortest 
day was on January 1 when sunrise occurred at 7:26 and sunset at 
4:54. The longest days were from June 16 to the end of the period. 
The number of daylight hours ranged from slightly over 9 hours to 
approximately 15 hours. The maximum air temperature for the day 
usually occurred several hours before sunset and for the night just 
after sunset. The minimum day and night air temperatures in general 
occurred around sunrise. The lag in the occurrence of the soil 
maximum and minimum temperatures at various depths with respect 
to the time of occurrence of the air maximum and ininimums is ap- 
proximately as follows : 3-inch depth — 2 hours ; 6-inch — 4 hours ; 12- 
inch~8 hours ; 24-inch— 70 hours ; and 36-inch — ^80 hours. 

It is clear from the preceding that daily soil temperature changes 
occur to a depth of 12 inches. At the 6-inch and 12-ineh depths due 
to the lag as shown previously, the maximum soil temperatures will 
occur near or after sunset and therefore the night temperatures for 
these depths should average higher than the day temperatures, During 
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the warmer periods of the year the maximum soil temperature at a. 
depth of 6 inches may occur approximately two hours before sunset. 
At this depth, therefore, the day and night maximum temperatures 
should be, in general, in close agreement. 


TEMPEEATURES IN 1925 

The maximum, minimum and average soil and air temperatures 
obtained during the daytime "^and nighttime for each day of the 
period of February 20 to September 30 inclusive, 1925, are shown in 
figures 1-7 inclusive. 

In order to fully understand the seasonal changes, tables 1-6 
inclusive have been prepared, . In these tables the highest and lowest 
maximnms, minimiims, and averages for the daytime and nighttime as 
well as the date of their occurrence, the usual maximums, minimnms 
and averages between certain dates and the greatest spread which is the 
largest range in temperature between the maximum and minimum on 
one day are all shown for the period of February 20 to September 30 
inclusive, 1925. In these tables special emphasis has been placed on 
the number of times when the air or soil temperatures were below 40° 
as most investigators usually mention some temperature around 40° as 
being the point where biological processes in the soil become active and 
that with air temperatures around 40° plant growth commences. 

The minimum air temperatures and soil temperatures at a depth 
of one-half inch were at times below 40° during this 1925 period, but 
at a depth of 3 inches the minimum soil temperatures were never 
lower than 42°. For the soil depths beyond 3 inches the minimnms 
wereas follows: 6-inch depth~44°, 12-inch depth— 48°, 24-mcli depth 
—50°, and 36-inch depth — 50°. 

The , average night ' temperatures at' the. 6-inch., soil depth' were 
usually higher than the average clay temper attires, while at ^ % 

and S-inch depths the reverse was true. The average day and night 
temperatures at the 6-inch depth were ttsually within 2° of each 
other and the same was true for the 12-inch soil depth. 

A study of the figures and tables will show that there is no daily 
rise and fall in temperatures at the 24- and 36-ineh depths in the soil. 
At these depths the temperature changes are slow and do not vary 
from day to day, as a general rule, more than 2°. On account of these 
facts only one curve is used to show the temperature changes at these 
depths and it is designated as daily averages.’^ 
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TABLE 5 

Daytime and Nigsi^imb Soil Temper^itures, 12-Inch Depth, February 20 to to September 30, 1925 
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DAYTIME AND NIGHTTIME SOID'AND AIR TEMPERATURBkS 

IN 1927 

The maxiiniim, minimum and average soil and air temperatures 
obtained during the daytime and nighttime for each day of the period 
of January 1 to June 21, 1927, are shown in figures 8-14 inclusive. 

The seasonal changes are more clearly shown in tablevS 7-12 in- 
clusive. In these the highest and lowest maximums, minimums and 
avei'ages for the daytime and nighttime as well as the date of their 
occurrence, the usual maximums, minimums and averages between 
certain dates and the greatest spread which is the largest range in 
temperature between maximum and minimum on one day are all 
shown for the period of January 1 to June 21, 1927. 

The minimum air temperatures and the soil temperatures at the 
%-inch depth were below 40° several times during this 1927 period, 
but at a depth of 3 inches the minimum soil temperatures were below 
40° only 3 times. For the soil depths beyond 3 inches the minimums, 
day or night were as follows : 6-inch depth — 41° ; 12-inch depth — 44° ; 
24-inch depth^ — 48° ; and 36-inch depth— 52°. 

The average day and night temperatures at the 6-inch depth were 
usually within 1° of each other, the night averages at this depth in 
general being higher than the day averages, while at the % and 3-inch 
depths the reverse was usually the case. The average night tempera- 
tures at the 12-inch depth were usually 2° or less higher than the 
average day temperatures. 

As previously stated a study of the figures will show that there 
is no daily rise and fall in temperature at the 24-inch and 36-inch 
depths and for this reason only one curve is used to show the 
temperature changes at these depths and it is designated as '"daily 
averages. 


DISCUSSION OF DATA 

The occasional gaps in the data as shown by figures 1-14 are due to 
brief failures of the temperature recorder or thermograph. These are 
indicated on the graphs by an appropriate symbol (- - -). These miss- 
ing data do not a^ffect the conclusions which are drawn because there 
were relatively few times when they were of any duration. 
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The 1925 period under consideration extended from February 20 
to September 30 inclusive. Where the ranges in temperature are 
given, as between two dates, it is to be understood that they indicate 
the general trend. By a close study of the figures one will find that 
there were a few days when these ranges or spreads were below or 
above those mentioned. The ranges during this 1925 period in the 
air day maximums were of about the same magnitude as those of the 
soil at the 3-inch depth, while the air day minimums were more eoiii- 
parable with those of the soil at the %-inch depth. The night max- 
imums and minimums for the air were of practically the same range 
as were the i/ 2 -inch soil temperatures. The average day air tempera- 
tures were of about the same magnitude as those of the soil at the 
3-inch depth, while the average night air temperatures were more 
comparable with those of the soil at the %-inch depth. At the 6-inch 
depth the average night temperatures were as much as 3® higher and 
at the 12-ineh depth less than, 2° higher than the average day temper- 
atures, At the % and 3-inch depths the average day temperatures 
were higher than the average night temperatures. 

After about the first part of June, 1925, there was a distinct rise 
in the air and soil temperatures and after September 5 a noticeable 
drop. 

The 1927 period extended from January 1 to June 20 inclusive 
and furnishes another period for comparisons of daytime and night- 
time temperatures. This period, however, extends just up to the 
beginning of the warm summer and not through the summer as was 
the case with the 1925 period. The soil temperatures shown at the 
i/ 2 -inch depth are more comparable with the air temperatures than any 
of the other soil depths. This includes the maximums, minimums, and 
average temperatures during the daytime and nighttime. After 
about April 20, 1927, there was a distinct rise in the air and soil 
temperatures. 

The daytime and nighttime maximums and minimums were lower 
in 1927, as a. general rule, than in 1925, This is due to two factors: 
first, the 1925 period included more of the warmer months, and 
second, during the early part of the 1925 period there was different 
distribution of the rain and consequently different soil temperature 
conditions than in the corresponding portion of the 1927 period. In 
1925 the number of days when it rained were few but on those days 
the rainfall was heavy, while in 1927 there were more days when it 
rained but the rainfall was light for any pa.rticular day. This has 
been previously shown, both by tables and figures. 
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SUMMARY 

This paper presents a comparison of air and soil temperatures at 
depths of 3, 6, 12, 24, and 36 inches in an area that was kept free 
of vegetation and not irrigated. Two periods were selected, one in 
1925 from February 20 to September 30; and the second in 1927 from 
January 1 to June 20. The data presented are the maximum, min- 
imum and average temperatures which were found between sunrise 
and sunset and which are called the daytime or day temperatures and 
from sunset to sunrise, the nighttime or night temperatures. It is 
the belief of the writer that a consideration of such temperature 
fluctuations is of importance as they may relate to plant and animal 
life. 

In the 1925 period the number of daylight hours ranged from 
approximately 11 hours to 15 hours, while in the 1927 period which 
did not include as many of the warmer months they ranged from 
slightly over 9 hours to approximately 15 hours. The maximum air 
temperature for the daytime usually occurred' several hours before 
sunset and for the night, just after sunset. The minimum day and 
night air temperatures in general occurred around sunrise. The 
maximum day soil temperatures at the and 3-inch soil depths 
occurred before sunset while at the 6- and 124nch depths due to the 
lag they usually occurred near or after sunset. The night tempera- 
tures for the 6- and 12-inch depths, therefore, averaged higher than 
the day temperatures. 

In the 1925 period a day minimum air temperature of less than 
40° occurred only a few times and at the i/ 2 -inch depth there were 11 
times when it was below 40°. At depths of 3, 6, 12, 24, and 36 inches 
at no time was the day minimum below 42°. A night minimum air 
temperature of less than 40° occurred only a few times while at the 
^/^-inch depth it occurred 12 times. At depths of 3, 6, 12, 24, and 
36 inches the lowest night minimum was 42° for the 3-inch depth. The 
maximum day and night temperatures for the air and various soil 
depths varied considerably during the period. 

The day average temperatures for the air, %-inch, and 3-inch soil 
depths were higher than the night temperatures, while at the 6- and 
12-inch depths the reverse was true in the 1925 period. At depths of 
24 and 36 inches there was no regular rise and fall in the tempera- 
tures during a 24-hour period; simply either a gradual cooling or 
warming depending on the season of the year. 
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During' the 1927 period a day minimum air tenii)eratu!‘e of lens 
than 40° oeciirred 25 times, while at the ^,:/ 2 “ineh soil depth it occurred 
13 times and at the 3-ineh depth only three times. At depths ot 6, 12, 
24, and 36 inches at no time was the day niinumixm below 41”. A min- 
imum night air temperature of less than 40° occurred 48 times, at 
the %-ineh depth 15 times, and only 3 times at the 3-inch depth. 
At depths of 6, 12, 24, and 36 inches the lowest night minimum was 
41° at the 6-inch depth. The maximum day and night temperatures 
for the air and various soil depths were of less magnitude in the 1927 
period than in the 1925 period. 

The same fact was established by the 1927 data as was by the 
1925 data relative to the relationship between the day and night 
average temperatures. 

The general ranges in the day and night maximums, minimiims 
and averages for the air and varions soil depths are fully discussed for 
each of the two periods as well as the exact ranges for certain day>s 
when the largest or smallest ranges occurred. 
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EFFECTS OF VARIOUS TREATMEFTTS OFT THE 
CARBON DIOXIDE AND OXYGEN IN DORMANT 
POTATO TUBERS^ 

OEA SMITH2 


GENERAL PROBLEM AND LITERATURE 

The marked influence of environmental conditions and treatments 
upon the length of the rest period of plants or plant parts is well known. 
Numerous investigations upon methods of abbreviating this rest period 
and hastening the initiation of growth have, however, failed to show 
convincingly the reason for the inception of this growth. Most of the 
previous investigations have been concerned with the ehang’es in food 
reserves and enzyme activity. The present experiments deal primarily 
with the gaseous changes accompanying treatments which alter the 
rest period. 

The literature of the subject frequently indicates that various outer 
tissues of seeds and tubers prolong the rest period by retarding the 
passage of carbon dioxide and oxygen. Several investigations with 
seeds (Crocker;^^^^ Shull ; Becker Prietinger*^^®^) have 
shown that the permeability of the outer layer to gases plays an 
importaiat rSle in the length of the rest period. 

Studies with the potato tuber also suggest that the periderm and 
internal tissue may offer great resistance to the passage of carbon 
dioxide and oxygen and that the permeability may be changed by 

1 Paper presented to the G-radnate School of the ITniversity of California 
in partiaP fulfillment of the requirements for the degree of Doctor of Philosophy. 

sDraduateAs'sistant'.in' Truck. Or Ops presigned August 1, 1929. 
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various treatments. Appleman^^^ was able to shorten the rest period 
of potato tubers by various treatments such as reinovinj^ the skin, 
cutting’ the tubers into pieces, subjecting them to subdued light, and 
wrapping them in cotton saturated with hydrogen peroxide. Ilt^ 
suggests that these treatments facilitate the entrance of oxygen into 
the tuber or cause it to be liberated therein. He states further : “That 
a great increase in oxygen absorption actually occurs is proved con- 
clusively by the effect of the various treatments on respiration, the 
rate of which was determined by the amount of carbon dioxide ex- 
pired from the tubers .... Probably under normal conditions the 
skin becomes suberized before the completion of some growth nieelian- 
ism requiring oxygen. The rate of oxygen diffusion through the 
suberized skin then determines the time .... required for the perfec- 
tion of the growth mechanism.’^ Eosa/“‘‘^ in a study of the relation 
of storage humidity to dormancy of potato tubers, suggests that 
besides inhibiting further suberization of the skin, the moisture may 
also make the skin more permeable. 

Bartholomew/^^ in a study of blackheart in potato tubers, ascribed 
the injury to a deficiency of oxygen caused by the increased rate of 
respiration of the tissues. The available supply of oxygen diflTising 
inward from the surface was used up before it reached the interior 
tissues. He also noticed that large tubers are more susceptible to 
injury than small ones, Stewart and Mix^-®^ also showed that de- 
ficient oxygen supply, and not accumulation of carbon dioxide, is 
responsible for the occurrence of blackheart. Bennett and Bartholo- 
mew*^®^ found varietal differences in susceptibility to blackheart in- 
jury. They state that these differences in behavior probably result 
in part from differences in permeability of the skin of the tubers to 
oxygen. 

Magness,^^®^ working with apples and potato tubers, found thal: 
the percentage of carbon dioxide of the intereellular gas inereases 
with rise in temperature ; at 22® C there was 34 per cent in potato 
tubers. The percentage of oxygen decreases with increase in tempera- 
ture and at 22® 0 was found to be 5.7. Eemoving the peel from the 
ends of apples greatly decreased the percentage of carbon dioxide 
and increased that of oxygen. 

Davis*^^*^^ found that the ratio of carbon dioxide to oxygen in the 
intercellular spaces of the potato varied with the conditions of 
storage, such as temperature and depth of piling, and with the age of 
the tnhers. Following storage at 17®-18° C at the end of 16 hours at 
'45°,, C in ' atmosphere free from. uarbon Aioxide^ and 'rich m oxygen,. 
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the carbon dioxide content of the interior gas of the tubers had 
increased from 5 or 6 per cent to 50 per cent, and the oxygen percent- 
age had decreased from 10 or 11 to about 4. 

Stich/^®^ working with potato tubers, and Johnstone/^®^ with 
sweet potato roots, showed that the increased rate of respiration on 
wounding results principally from mechanically facilitating the ex- 
change of gases rather than from direct wound stimulation. 

Wiesner and Molisch,*^^^^ using dry and moist pieces of periderm 
of potato tuber, found that carbon dioxide passed through the moist 
periderm several times faster than through the dry periderm. They 
conclude that gases pass through with increasing ease as additional 
amounts of water are absorbed by the cell wall. Loomis, in a 
study of the effect of humidity in storage upon the length of the rest 
period of potato tubers, states that at high temperatures the speci- 
mens stored in damp moss show less injury and make better growth 
than those stored dry. He further states that moist storage at these 
temperatures has no direct effect upon the rest period but probably 
results in more rapid formation of a wound periderm in the turgid 
tubers which prevents them from drying out. At moderate tempera- 
tures, however, the dry potatoes gave the best germination. 

Several investigators, Shapovalov and Edson,^^®^ Priestley and 
Woffenden,^^^^ Artsehwager,^®» Eames and MacDaniels,^^^^ Rhodes, 
and Herkiots,^^^^ have published upon the anatomy of the periderm 
of the potato and the conditions conducive to rapid cork formation. 
They generally agree that the periderm is very impermeable to water 
and gases and that wound periderm formation is hastened by high 
humidity and high temperature. 

Studies on the permeability of plant membranes to water and to 
other liquids may also furnish evidence as to their permeability to 
gases, for usually the plant tissues are permeable to gases only when 
the latter are in solution. Palladin^-^^ points out the difference between 
diffusion of gases in the dissolved and undissolved states. In the 
dissolved state, the condition assumed usually to occur in plants, the 
velocity of movement of gases is directly proportional to the coefficient 
of solubility of the gas in the solvent in the septum. Not all cells 
and cell walls, however, are impregnated with water. Livingston® 
states that diffusion of dissolved gases is possible if the gas is soluble 
in the membrane. "When the latter contains water, this kind of diffu- 
sion can occur, for the gas dissolves in water. When the membrane 

8 Biyingstoti, B. E. Footnote, in : Palladin, V. I. Plant physiology. 2 ed. 
p. 107. P. Blakiston ^s Son and Company, Philadelphia. 1923. 
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contains little or no water, but contains some sueli material as suberin, 
and the gas dissolves in this material as it does in water, the action is 
similar to that of a wet membrane. 

Nord and Franke/^"^^ in a study of the mechanism of enzyme 
action, used tobacco leaves and found that ethylene increased the 
permeability of the cells. 


STATEMENT OP SPECIFIC PROBLEM 

Because but little is known concerning the changes in permeability 
to gases, in gaseous exchange, and in composition of the gases in the 
interior of the tubers at the time when rest is broken, the present work 
was undertal^en as an attempt to ascertain how various treatments 
affect the rate of loss of carbon dioxide and absorption of oxygen, the 
composition of* interior gas of the tubers, the permeability of the 
periderm to gases, and the length of the rest period. 

The treatments included harvesting at various stages of maturity, 
subjection to ethylene chlorhydrin vapor for 24 hours, storage dry 
and storage moist, storage in air of high oxygen percentage, and 
peeling the tubers. 


EXPERIMENTS ON TUBERS HARVESTED AT VARIOUS, 
STAGES OP MATURITY 

Potato tubers of the varieties White Rose and Irish Cobbler were 
used throughout this study. In the maturity series the tubers were 
of the spring crop of 1928, in the remaining experiments, tubers of 
the fall crop of 1928, harvested November 10. In some experiments 
the White Rose variety only was used. All tubers selected were as 
nearly free from scab and mechanical injury as it was possible to 
obtain. For each series of experiments the same number of tubers 
was selected, and they were of approximately the .same size and weight., 
Pr^icedwa.— Tiibers of the Irish Cobbler variety 
were dug at five different stages during the growth of the plants: 
first on May 21, when the vines were dark green in color and the 
tubers very immature, and then, with increasing maturity, on May 31, 
June 11, and June 21, and on July 2, when the vines were dead and 
the tubers considered mature. The White Rose tubers were dug on 
the same d:ates as the Irish Cobbler, and also on July 12, when the 
final harvest of mature tubers was made. On each harvest date a 
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sample of each variety was placed in storage at 25"^ C. The rate 
of respiration of the tubers was determined at approximately two- 
week intervals niitil some time after the rest pjeriod wms broken. 

Rate of Respiration . — For determining the amounts of carbon 
dioxide given off and of oxygen absorbed by the tubers, the Orsat gas 
analysis apparatus was used. The closed system was followed through- 
out. This method was cheeked against the continuous flow system, 
ascarite being used for the absorbing agent; and only a negligible 
difference between the twm methods appeared when the carbon dioxide 
in the jars in the closed system was not allowed to become higher than 
4 per cent. 


TABLE 1 

Eespiratiox Bate of Irish Cobbler. Am > White Bose Tubers During the, 
Growing Period and in Storage at 25° C 


Expressed as milligrams of carbon dioxide per kilogram per hour 



Glass jars of one gallon capacity were fitted with No. 14 shellacked 
rubber stoppers, into which were fitted one or twO' metal stopcocks. 
Wire screen platforms were placed in the bottom of each jar, and 
each treatment was run in duplicate. The tubers were selected for 
uniform size and shape, and each lot of five tubers weighed between 
600 and 700 grams. At each determination a 200 cc sample of gas 
was drawn from each jar, and 100 ce of tHs was analyzed for carbon 
dioxide and oxygen. Carbon dioxide was absorbed by a 50 per cent 
solution of potassium hydroxide, and oxygen was absorbed by a 
similar solution, to each 100 cc of which had been added 8 grams of 
pyrogallic acid. All determinations were corrected for differences in 
temperature and pressure, and the data are presented in terms of 
milligrams . per kilogram'. per ,, hour; ; ■ ■ : , ■ 
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Fig. 1. Irish Cobbler tubers barTested at various stages of maturity. Itcspiraticm 

rates cletermiued immediately after digging and during storage at 25° 0. 

Effects on Bate of Respwation , — The respiration data are presented 
in table 1 and shown graphically in figures 1 and 2. Eespiratory 
activity is greatest in the earlier-harvested, less mature tubers, and 
gradually decreases as maturity advances. During storage also there 
is a gradual and regular decrease, until the respiration rates of 
tubers of all harvests are approximately equal at the end of the rest 
period. This decrease is extremely rapid immediately after harvest 
but diminishes during storage. The decrease in respiration rate of 
tubers in dry storage at 25° G is much more rapid than with those 
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Big. 2. White Bose tul>ers harvested at various stages of maturity, Reapiratioa 
rates determined immediately after digging and during storage jit 25® C, 


that remain in the soil for the same length of time. In this respect, 
four to eight days in storage are equal to ten days in the soil. The 
rate usually increases slightly with resumption of growth. At every 
harvest period the White Eose tubers show greater respiratory activity 
than the Irish Cobbler ; the former variety also has the shorter rest 
period. The data of table 1 also show that, with both varieties, the 
more mature the tuber is when harvested, the shorter is the rest 
period., ' ■ ^ , , ' , 




280 


Kilgardia 


[Vol. 4, No. 11 


A COMPAEISON OF WHITE ROSE AND IRISH COBBLER 
TUBERS UNTREATED WHEN STORED DRY AND STORED 
MOIST AND TREATED WITH ETHYLENE CHLORHYDRIN 

WHEN STORED DRY 

Experimental Procedure . — Tubers of White Rose and Irish Cobbler 
varieties, dug November 10, were kept at 8° to 10° C until January 
30, then treated and stored at 25° C to determine the differences in 
gaseous exchange of tubers and in composition of interior gases. The 
tubers were treated with 0.75 cc of 40 per cent ethylene chlorhydrin 
per liter of space for 24 hours, by the vapor method proposed by 
Denny. Tubers of the dry-stored lots were stored in shallow wooden 
trays ; those of the moist-stored lots, in wooden boxes in well-leached 
moist sphagnum moss or coarse, moist sawdust. The following lots of 
each variety were used; (1) chemically untreated, dry-stored; (2) 
chemically untreated, moist-stored; and (3) ethylene chlorhydrin- 
treated, dry-stored. The carbon dioxide given off, the oxygen ab- 
sorbed, and the composition of inteiuor gas were determined at inter- 
vals of three to seven days. The ethylene chlorhydrin vapor method, 
being the only chemical treatment given the tubers, will be designated 
throughout this paper as HreatedP Dry storage and moist storage 
treatments will be referred to respectively as ^dryl and t moist ^ and 
the chemically untreated tubers as ^ untreatedP 

Composition of Interior Gas.— Plugs of tissue from stem to eye end, 
one inch in diameter, were removed from five tubers of each lot for 
determination. One plug at a time was cut and pressed out of the 
brass borer under mercury into the gas extraction apparatus shown 
in figure 3. The operation of the apparatus is similar to that described 
by MagnessJ^^U After two minutes’ extraction in the Torrieellian 
vacuum, the gas was collected in a gas burette. When samples of five 
tubers had been obtained, the gas was drawn into Henderson’s 
respiratory gas analyzer (modified to have a capacity of 3.30 cc) and 
anMyzed for carbon dioxi and oxygen. The absorbing agents for 
carbon dioxide and oxygen were the same as those used in the 
Orsat apparatus described above. These determinations were not made 
on the Irish Cobbler variety. 

Effects on Bate of Bespiration.—Th.e Irish Cobbler untreated dry 
lots are, in general, higher in rate of loss of carbon dioxide and absorp- 
tion of oxygen than similar lots of White Rose; with the untreated 
moist and the treated dry-stored lots, however, the reverse is true of 
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Fig. 3. Apparatus used for extracting gas from tubers. Cylinder (b) is 
partially filled witli mercury by raising levelling bottle (a). The plug of tuber 
is then pushed from the cork borer under the mercury in cylinder (h), and stopper 
{&) is inserted and made tight. With stopcocks (/) and {g) open, the cylinder 
(u) and tube (d) are filled with mercury. Stopcock (/) is then closed and 
levelling bottle (u) is lowered, creating a Torricellian vacuum in tube (d) and 
part of cylinder (h). After two minutes, levelling bottle (n) is raised, stopcock 
(/) is opened, and the gas extracted from the tuber plug is collected and measured 
over mercury in burette (e). 

the rates both of loss of carbon dioxide and absorption of oxygen. 
Data regarding length of rest period, composition of interior gas, and 
rates of gaseous exchange of the two varieties are shown in tables 
2 to 5. 
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In general, tlie untreated dry lots gradually deerea.se during' 
storage in rate of carbon dioxide given oJff and oxygen absorbed ; tlie 
untr'eated moist lots increase slightly in rate of loss of carbon dioxide, 
but remain about the same or drop slightly in absorption of oxygen 
for a week or more, and then usually rise somewhat after the apfiear- 


TABLE 2 

Eelatiox of Respiration' Rates to Composition of Interior Gas of White 
Rose Tubers Treateb January 30-31. Storeb January 30 


Treatment* 

Jan. 31 

Feb. 4 

7 

Feb 

. 12 

Feb. 19 


Milligrams carbon dioxide per kgm. hour respired 

Untreated dry 

8.1 

6.2 

4.8 

6.9 

6.4,t 

Untreated moist 




10.7 

9 

',9 

10 . 3t 

10.6 

Treated dry 



14.8 

13.7 1 

9.2t 

8.3 



Milligrams oxygen per kgm. 

hour id:)sorbed 


i 

Untreated dry 

8.4 

6.2 

,6,7 

6.5 

5.2t 

Untreated moist 




8.6 

9 

1.6 

7.6t 

8.9 

Treated dry 


12.2 

12.0 

7.6t 

7.6 


Feb. 2 

Feb. 4 

Feb. 8 

i 1 

Feb. 13 

Feb. 19 


Composition of interior gas, per cent 


CO 2 

O 2 

CO 2 

O 2 

C 02 

Os 

CO 2 

'1 

Os 

COs 

Os 

Untreated c|ry 

10.4 

14.1 

10,4 

13.7 

8.5 

14.4 

16.2 

13,9 

14 0 

16-6 

Untreated moist 



22.4 

11,7 

16.0 

12,0 

17.9 

12.2 

18.8 

10.2 

Treated dry 1 

1 


13.3 

12.5 

10,8 

. 14,6 

15.6 

13.6 

10,3 

[ 16.6 


1 Sum of percentages of carbon dioxide and oxygen In interior 





gas and CO 2 /O 2 ratio 





Ratio 

Sum 

Ratio 

Sum 

Ratio 

Sum 

Ratio 

Sum 

.Ratio 

Sum 

Untreated dpy 

0.74 

24.6 

0.70 

24,1 

0.59 

22.9 

1.10 

29.1 

0.90 

29.6 

Untreated moist 



1.92 

34, 1 

1.26 

27.0 

1.47 

30. 1 

1.85 

29.0 

Treated dry 



1.06 

25.8 

0.76 

25.3 

1.14 

29.1 

0.62 

26.9 


* These names are shortened deaignatioiis for chemically untreated, dry-stored; chemically untreated, 
moist-stored; and ethylene-ohlorhydrin-treated, dry-stored, 
t All tubers sprouted. Sprouts removed on this date. 


anee of sprouts. Treated dry lots increase rapidly within three or 
four days after treatinent and then gradually decline in rates of 
loss of carbon dioxide and of absorption of oxygen. Several days 
more are required to show the full effects of moist storage upon rate of 
respiration than to show the effects of ethylene ehlorhydrin treatinent. 
With those treatments that abbreviate the rest period there is a 
striking increase in the rate of absorption of oxygen as well as an 
increase in the rate of loss of carbon dioxide, 
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Effects on Composition of Interior Ocls , — Tlie data of tables 2 and 
3 show that the general tendency in all treatments of both varieties is 
for the carbon dioxide percentage of the interior gas tO' increase dur- 
ing storage, with the exception of a period just before or at the time 


TABLE 3 

Eelatiox or Eespiration Rates to Composition or Interior Gas or Irish 
Cobbljer Tubers Treated January 30-31. Stored January 30 


Treatment* 

Jan. 31 

Feb. 4 

Feb. 7 

Feb. 12 

Feb. 19 


Milligrams carbon dioxide per kgm. hour respired 

Untreated dry 

8 5 

7.3- 

5.5 

4.7 

5.8t 

Untreated moist 



7.3 

10. i ! 

8.7t 

7.9 

Treated dry 


12.4 

9.0 

8.6t 

7.7 



Milligrams oxygen per kgm. 

hour absorbed 


Untreated dry 

9.5 

7. 

.2 i 

6.3 

4.3 

5.8t 

Untreated moist 



6 

7 

8.9 

6.3t 

6.9 

Treated dry 


10.9 

9.4 

7. Of 

7.2 


Feb, 2 

Feb. 4 

Feb. 7 

Feb. 12 

Feb. 19 


Composition of interior gas, per cent 


CO 2 

O 2 

CO 2 

i 

CO 2 

O 2 

C02 

O 2 

GO 2 

1 

Untreated dry. 

12.1 

15,6 

15.0 

' 13.2 

8.0 

14.7 

13.1 

14.5 j 

16.7 

i 13.1 

Untreated moist 



14.5 

12.7 

15.8 

11.0 

20.6 

11.0 ! 

21.8 

? 10.6 

Treated dry 



15.0 

' 15.1 

11.4 

' 14.0 

15.5 

13.6 i 

17.0 

‘ 14.4 


1 Sum of percentages of carbon dioxide and oxygen in interior 





gas and CO 2 /O 2 ratio 





Ratio 

Sum 

Ratio 

Sum 

Ratio 

Sum 

Ratio 

Sum 

Ratio 

Sum 

Untreated dry 

0.76 

22.7 

1.14 

28.2 

0.65 ^ 

22.7 

0.91 

27.6 

1.28 

29.8 

Untreated moist., 



1.14 

27,2 

1.44 

26.8 

1.87 

31.6 

2.06 

32.4 

Treated dry 



0.99 

30.1 

0.81 

25.4 

1.14 

29.1 

1.17 

31.6 


* These names are shortened designations for chemically untreated, dry-stored; chemically untreated, 
moist-stored; and ethylene-chlorhydrin-treated, dry-stored, 
t All tubers sprouted. Sprouts removed on this date. 


the sprouts appear, when a decrease occurs, followed by an increase. 
No constant differences are shown between the two varieties in carbon 
dioxide or oxygen percentages. 

In an attempt to find whether any of the treatments described 
above had affected the permeability of the tubers to carbon dioxide, 
every reading of carbon dioxide respired and per cent of carbon 
dioxide in interior gas (see tables 2 and 3) of each of the treat- 
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TABLE 4 

ESLATIVE PmMKABILITT OF ThJSATEB ANB UNTREATED WhITEI EO'SE TITBERS TO 
Carbon Dionidb, Found by Coaipartson of Experiaientally BETE-RAirNED 
AND CaDOULATED VALUES* OF PERCENTAGE OF CARBON IllOXIDIS IN INTERIOR 

Gas of Tubers 

Tubers treated and stored January 30--31 


Per cent carbon dioxide in interior gas of the latter 
member of each comparison 


Treatments comparedf 

Feb. 4 

Feb. 7 

Fob. 12 

l^eb. 19 

Det. 

Calc. 

Det. 

Calc. 

Det. 

Calc. 

Dot. 

Calc. 

Untreated dry untreated moist 

22.4 

18.0 

15.0 ; 

17.5 

17.9 

26.5 

18.8 

27.3 

Untreated dry vs. treated dry 

13.3 

24.8 : 

10.8 

24.3 

15.5 

23.7 ' 

10.3 

21.5 

Untreated moist vs. treated dry 

13.3 

31.0 

10.8 

20.8 

15.5 

16.0 

10.3 

14.9 


* Example. — Untreated dry compared with untreated moist expressed in the form of a proportion: 
(1) the rate of loss of carbon dioxide from untreated dry stored is to (2) the percentage of carbon dioxide 
in the interior gas of untreated'dry stored as (3) the rate of loss of carbon dioxide from untreated moist 
stored is to (4) the percentage of carbon dioxide in the interior gas of untreated moist stored lots. By 

analyses these are found to be • 2^2 4 ^ proportion, howevesr, as the 

fourth term is too large. By calculation, the fourth term has a value of 18,0. If this calculated figure is 
larger than the figure determined by analysis, the tubers of the second member of the compared treat- 
ments, in the table above, are more permeable than the first; if smaller than the determined figure, those 
of the second member are less permeable than the first. 

t These names are shortened designations for chemically-untreated, dry-stored; chcmioally-untreated, 
moist-stored; and ethylene-chlorhydrin-treated, dry-stored. 


TABLE 5 

Bel ATI VE Permeability of IJNTEEAmD and Treated Irish Cobbler, Tttbf*rs to 
Carbon Dioxide, Pound by Comparison of Experimentally Deteraiinkd and 
Calculated Va.lues* of Percentage of Carbon Dioxide in Inteiuoe 
Gas OF Tubers 

Tubers treated and stored January 30-31 


Per cent carbon dioxide' in, interior gag of the latter 
, member of each comparison ' 


Treatmentsf compared 

Feb. 4 

i Feb. '7 

[ 

Feb 

^12, ' 

Feb. 19 


Det. 

Calc. 

Det. 

Calo. 

: Det. 

Calo.,' 

Dot.' 

Calc. 

Untreated dry untreated moist,... 

14.5 

16.0 

16.8 

14.7:i 

20.6 

24.2,'^' 

■21.8'' 

n.B 

Untreated dry m. treated dry»..,.,.. 

15.0 

26.6 

11.4 

13.1 

16.6 

24.0',, 

17.0 

22.2 " 

Untreated moist vs. treated dry 

16.0 

24.0 

11.4 

14.1 1 

16 .''6 

20.4 

17.0 

"21.2 


♦The calculated values were obtained by ratios of rate of carbon dioxide loss and percentage of 
carbon dioxide in the interior gas of the compared treatments- A greater calculated than determined 
value indicates a probable greater permeability of the second member of the comparison. See footnote 
to table 4. 

t These names are shortened designations for chemically untreated* dry-stored ; chemically untreated, 
moist-storedj and ethylene-chlorhydrin-treated* dry-atored. 
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ments was compared with the readings of all the others. These 
experimentally determined and calculated values are presented and 
compared in tables 4 and 5. In all lots the weights, number, size, 
and shape of the tubers, and therefore the surface areas, were approx- 
imately equal. A calculated value lower than the experimentally 
determined value apparently indicates that the tubers of the lot of 
the second member (see tables 4 and 5) of each pair of compared 
members are less permeable to the gas than the tubers of the lot of 
the first member with which they are compared. The data of table 
4 on White Rose indicate that for the first few days after storage, the 
tubers of the untreated moist lots are less permeable to carbon dioxide 
than the untreated dry lots, but thereafter surpass the untreated dry 
lots and become increasingly permeable during the storage period. 
Just after treatment, the treated dry lots become much more permeable 
than either the untreated dry or untreated moist lots ; but gradually, 
during storage, they become less so. The data of table 5 on Irish 
Cobbler follow the same trend as those on White Rose, although in 
general they show less activity than the White Rose. Data on loss of 
carbon dioxide and absorption of oxygen in table 3 show very small 
differences early in the storage period between untreated dry and 
untreated moist lots. The comparisons of these two sets of data in 
tables 4 and 5 show also a less striking increase in permeability to 
carbon dioxide of the untreated moist over the untreated dry Irish 
Cobbler tubers than in the case of the White Rose tubers. 

EXPERIMENTS ON WHITE ROSE TUBERS, TREATED AND 
UNTREATED, DRY AND MOIST-STORBD 

JS/irpenmewifaZ Proced we.— White Rose tubers, dug on November 
10, were held at 8° to 10° C until February 8, 9, 10, and 11, when 
they were treated with ethylene chlorhydrin, stored at 25^^ C, and 
divided into the following four lots: (1) untreated dry, (2) untreated 
moist, (3) treated dry, and (4) treated moist At four to seven-day 
intervals the tubers were analyzed for rate of loss of carbon dioxide, 
absorption of oxygen, and composition of interior gas. These deter- 
minations were replicated six times, with a total of 30 tubers for each 
determination when finally calculated. 

Effects on Rate of Bespiration .- — ^The rates of loss of carbon 
dioxide and absorption of oxygen throughout the storage period (table 
6) are typical of all the lots which have been described above in 
the series comparing White Rose and Irish Cobbler tubers untreated 
and treated with ethylene chlorhydrin when dry and when moist- 
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Stored Tlie initial rate of loss of carbon dioxide and absorption of 
oxygen of the untreated moist lots is usually higher than that of the 
untreated dry lots; these rates, however, gradually increase in the 
moist lots but decrease in the dry lots. The effects of moist storage 

TABLE 6 


Eelatiox op Bespieation Bates to CoMPOsmox of Interior Gas of White 
Bose Tubers Stored at 25° C, Average op 6 Bepmoates 


Treatment * 

Feb. 9-10 

: Feb. 13-14 

Feb. 17-18 

Feb. 22-23 

Feb. 27-28 

March 6-7 


Milligrams carbon dioxide per kgm. hour respired 

Untreated dry 

7.2 

7.3 

5.4 

1 

4.8 

1 

1 5. Of 

4.2 

Untreated moist 




8.6 

8.9 

10. 7t 

14.2 

14.1 

Treated dry 


9.0 

6.6 

5.8t 

6.0 

5.7 

Treated moist 


13.1 

11.5 

12. 7t 

14.4 

12,2 


Milligrams oxygen per kgm. hour absorbed 

Untreated 4ry 

7.5 

7.6 

8.4 ! 

5.1 

4. It 

4.6 





7.7 

8.1 

8.4t 

10.2 

11.2 

Treated dry 


9.1 

7.1 i 

6.9t 

6.5 

5.6 

Treated moist 


10.1 

9.6 i 

8.6t 

10.4 

9.5 


Composition of interior gas in per cent 


CO 2 

O 2 

CO 2 

O 2 

CO 2 

O 2 

CO 2 

O 2 

CO 2 

Oa 

CO 2 

O 2 

Untreated dry 

1 

2.5 

18.8 

6.4 

l«-2 

7,5 

15.7 

6.0 

15.1 

8.8 

14.6 

12.1 i 

16.3 

TTntffifl.ted mni-sf, 



13.1 

IL9 

14 8 

11.1 

13 1 

11.7 

17,6 

11,6 

24,3 i 

10 9 

Treated dry 



11.3 

12.8 

11.7 

XI. X , 

14.1 i 

12.1 

13.3 

13.9 

14.7 

16.8 

13.7 

Treated moist 



12.6 

13.9 

13.0 

14.0 

12.0 

13.6 

17.3 

11.3 

26.5 

12.1 


Sum of percentage of carbon dioxide and oxygen in interior gas and COa/Oa ratio 


J 

Sum 

Ratio| 

Sum 

Ratio 

Sum 

Ratio I 

Sum 

Ratio 

Sum 

Ratio 

Sum 

Ratio 

Untreated dry 

21.3 

0.13 

22.6 

0.39 

23.2 

0.48 

21.1 

0,40 

23.4 

0.60 

27.4 

0.79 

Untreated moist 



26.0 

1.10 

25.9 

1,34 

24.8 

L12 

29 1 

1 S3 

30 

2 33 

Treated dry 



24.1 

0.89 

26.8 

0.83 

25.4 

0.91 

2&Ji 

QJIS 

3(1 5 

1 23 

Treated moist 



26.5 

0.91 

27.0 

0.93 

25.6 

0.88 

27.8 

1.63 

37.6 

2.11 


* These names are shortened designations for chemically untrcsated, dry-stored; chemically untreated, 
moist-stored; ethylene-chlorhydrin-treated, dry-stored; and ethylene-chlorhydrin-treated, moist-stored. 
t All tubers sprouted. Sprouts remo ved on this date. 


upon the rate of loss of carbon dioxide and absorption of oxygen are 
mneb more delayed than in the treatment with ethylene cblorhydrin. 
In all treatments that shorten the rest period more oxygen is absorbed 
than in the untreated dry lots. 

Effects on Composition of Interior Goa.— With all treatments, the 
percentage of carbon dioxide gradually increases during storage, and 
then decreases about the time of sprout appearance, after which it 
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rises to a higher percentage than before the decline. Generally the 
percentage of carbon dioxide is higher in moist than in dry lots; 
higher in untreated moist than in treated dry lots ; usually higher in 
untreated moist than treated moist lots in the early storage period, 
but somewhat lower than the latter after several weeks of storage. 
The percentage of oxygen is lowest as a rule in the untreated moist 
lots, although in general less carbon dioxide and more oxygen occur in 
the untreated moist than in the untreated dry lots in proportion to 
the amounts of carbon dioxide given off and oxygen absoi’bed by these 
lots. 


TABLE 7 

RELAriVE PERMBABimTY OF UNTREATED AND TrEA-TED WhITE BoSE TUBEIRS TO 

Carbon Dioxide, Pound by Comparison op Experimentally Determined and 
Calgulated Values* op Percentage op Carbon Dioxide in Interior 
Gas OP Tubers 

Treated and stored at 25° C, February 8-11, averages of 6 replicates 


Per cent carbon dioxide in interior gas of the latter member of 
each comparison 


Treatmentsf compared 1 

Feb. 13-14 

Feb. 17-18 

Feb. 22-23 

1 Feb. 27-28 

: March 6-7 

Det. 

Calc. 

Det. 

Calc. 

Det. 

Calc. 

Det. 

Calc. 

Det. 

Calc. 

Untreated dry vs. untreated moist...... 

13.1 

7.5 

14.8 

12.4 ! 

13.1 

13.4 

17.6 

25.0 

24.3 

40.6 

Untreated dry vs. treated dry 

11.3 

7.9 

11.7 

9.2 i 

12.1 

7.3 

13.9 

10.6 

16.8 

16.4 

Untreated dry vs. treated moist 

12.6 

11.5 

13.0 

16.0 

12.0 

15.9 

17.3 

25.3 

25.5 

35.2 

Untreated moist vs. treated dry 

11.3 

13.7 

11.7 

11.0 

12.1 

7.1 

13.9 

7.4 

16.8 

9.8 

Untreated moist vs. treated moist 

12,6 

20.0 

13.0 

19.2 

12.0 

15.6 

17.3 

17.9 

25.5 

21.0 

Treated dry vs. treated moist 

12.6 

16.5 ' 

13.0 

20.4 

12.0 

26.5 

17.3 

33.4 

25.5 

36.0 


* The calculated values were obtained by ratios of rate of carbon dioxide loss and percentage of carbon 
dioxide in the interior gas of the compared treatments. A greater calculated than d^etermined value 
indicates a probable greater permeability of the second member of the comparison. See footnote to 
table 4. 

t These names are shortened designations for chemically untreated, dry-stored; chemically untreated, 
rooist-stored; ethylene-chlorhydrin-treated, dry-stored; and ethylene-chiorhydrin-treated, moist-treated. 

In general the same relations exist between the ratios of the 
carbon dioxide to oxygen in the different lots as between the per- 
centages of carbon dioxide in the interior gas of the tubers. The 
oxygen percentages of the tubers of the treated and moist lots do 
not decrease in so great amounts as the carbon dioxide increases in 
these same treatments. These relations are shown by the sums of 
carbon dioxide plus oxygen in the interior gas, which are usually of 
greater magnitude in the treated lots than in the untreated and also 
greater in the moist than in the dry lots. 

In table 7 are presented the compared calculated and experi- 
mentally determined values which indicate the relative permeahility 
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of the tubers in the various lots to carbon dioxide. These data indi- 
cate (1) that early in the storage period the untreated dry lots are 
more permeable than the untreated moist lots, but that after eight or 
nine days in storage the latter are more permeable; (2) that un- 
treated dry lots are more permeable than treated dry lots, for the 
first few weeks of storage, but that after nearly four weeks the two are 
approximately equal; (3) that treated moist lots, with the exception 
of the first determination four days after treatment, are more per- 
meable than the untreated dry lots and increase rapidly over the 
latter; (4) that untreated moist lots are more iiermeable than the 
treated dry lots, and become increasingly more so during storage; (5) 
that treated moist lots are more permeable than the untreated moist 
lots early after treatment and for several weeks thereafter, but 
gradually become less so until about four weeks after treatment, when 
the treated moist lots are less permeable than the untreated moist lots ; 
and (6) that treated moist lots are consistently more permeable than 
the treated dry lots. 


EXPERIMENTS ON DRY AND MOIST TUBERS IN JARS 
CONTAINING AIR AND A HIGH PERCENTAGE OP 
OXYGEN WITH AND WITHOUT THE ACCUMULATION 
OP CARBON DIOXIDE 

Experimental Procedure . — White Rose tubers were dug on Novem- 
ber 10. From November 10 to February 12 the tubers of the first 
test were stored at 8° to 10° C. On February 12 they were placed 
in storage at 25° C, and on February 20 they were divided into lots of 
four tubers each, weighing 677 grams per lot, which were sealed in 
one-gallon glass jars for a period of 48 hours: (1) air, KOH, dry; (2) 
air, no KOH, dry; (3) Og, KOH, dry; (4) 0^, no KOH, dry; (5) Oj, 
KOH, moist; (.6) O™, no KOH, moist; (7) air, KOH, moist; (8) air, 
no KOH, moist. These abbreviations have the following meanings: 

‘ Air’: the gas surrounding the tubers was air, analyzing 20.6 per 
cent oxygen and 0.0 per cent carbon dioxide. • 

‘KOH ’ : 100 cc of a 50 per cent solution of potassium hydroxide 
was placed in the bottom of the jar. 

‘Dry’ : no moistening or drying agent was used. 

‘No KOH’: no potassium hydroxide solution was used. 

‘Oj’: the gas surrounding the tubers contained 60 per cent 
oxygen. 
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* Moist ^ : the tubers were packed in moist sphagnum moss. 

Another lot of tubers, not placed in jars, was used for analysis of 
interior gas as a check on those in the jars. 

Pour other experiments were run also, beginning February 14 and 
March 4, 6, and 8. In experiment 2, lots 6 and 8 were omitted. 

Check jars without tubers but with moist moss were used to 
determine the amounts of carbon dioxide given off and of oxygen 
absorbed by the moss and water. The final data given in the tables 
are eorreeted for these figures. After 48 hours the amounts of carbon 
dioxide given off, the oxygen absorbed, and the composition of gas of 
the interior of the tubers were determined. 

TABLE 8 

REUATioisr or Respiration Bates to Composition or Interior Gas of White 
Bose Tubers, EEBRUAitY 14 


Six tubers in eacli jar; weight 478-536 grams; stored January 24 at 25° G 


Treatments* 

Respiration rate 

Composition 
of interior gas 
of tuber, 
per cent 

Total 

COa 

plus 

Oa 

Compo 
of gas j 
when 0 
pore 

sition 
n jars 
pened 

COa/Oa ratio 
of gas 

Mgms. 
COa per 
kgm. 
hour 

Mgms. 

Oaper 

kgm. 

hour 

!ent 

From 

interior 

of 

tubers 

In jar 
when 
op’n'd 

COa 

Oa 

■Na 1 

COa 

Oa 

TJntreatefi foheckl 



a n 

17.0 

78.0 

22.0 



0.29 


Air, KOH, dry 


6.0 

5 5 

16.7 

77.8 

22.2 

0.0 

' 16.8 

0.33 


Air, no KOH, dry 

4.9 

5.3 

13.6 

13.9 

72.5 

27.5 

2.2 

17.8 

0.98 

0.12 

Ozy KOH, dry ' 


6.4 

7.9 

24.6 

67.5 

32.5 ' 

0.0 

56.3 

0.32 


Oz, no KOH, dry 

5.4 

5.5 

10.0 

30.3 i 

59.7 

40.8 

1.9 

57.1 

0.33 

0,033 

Oa, KOH, moist 


29.7 

17.6 

17.9 

64.5 

35.5 

0.0 

36.8 

0.98 


Air, KOH, moist 


25.8 

6.1 

8.2 

85.7 

14.3 

0.0 

0.3 

0.76 














* See text for explanation of treatments. 


TABLE 9 

Belation OF Respiration Bates to Composition of Interior Gas White 
Bose Tubers, Eebruart 20 


Eour tuberS' ih each jar; weight 677 grams; stored E'ebruary 12 at 25° C 


Treatments* 

Respiration rate 

Composition 
of interior gas 
of tuber, ■ 
per cent 

Total 

COa 

j>lus 

Oa 

Composition 
of gas in jars 
when opened 

COa/Os ratio 
of gas ' 

Mgms. 
COa per 

1 kgm. 
hour 

Mgms. 
Oa per 
kgm. 
hour 

per cent 

From 

interior 

of 

tubers' 

In jar 
when, 
op’n’d 

COa 

Oa 

Na 

COa 

Oa 




11.0 

11.2 

15.2 

73.8 . 

26.2 



0.72 


Air, KOH dry .. . 


6.4 

14.6 

74.2 

25.8 

0.0 

16.2 

0,77 


Air, no "KOH,' dry 

4.8 

6.3 

20.3 

13.0 

66.7 

33.3 

2.8 

16.4 

1,66' 

0,17 

n*, KOH, dry.. .. 


6.9 

12.1 

29.1 

68.8 

41.2 

0,0 

■54.5 '' 

0.42 


Oa, no KOH, dry 

5.2 

6.3 

23.9 

31.6 

44.6 

65.4 

3.0 ' 

55.0 

0.76 

0.055 

Oj, KOH moipt' 


13.9 

27,4 

22.1 

60.5 

49.5 

0.0 

42.4 

1.24 


Oa, no KOH, moist 

5.3 

10.9 

27,6 

24.2 

48.2 

51.8 

4.2 

51.1 

1.14 ' 

0.082 

A'ir KOH Tnnisst, ... 


12,2 

17.9 

10.6 

71.5 

28.5 

0.0 

5.0 

1.69 


Air, no KOH, moist 

4.9 

9-9 

30.6 

7.0 

82.4 

37.6 

3.8 

9.5 

4.37 

0.40 


* See text for explanation of treatments. 
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TABLE 10 

Rbi^atioit of Bespieation Bates to Gompositioit of Intekior Gas of Whit'E Bose 

Tubers; March 4 


Five tubers in each jar; weight 630 grams; stored Febiia.ry 22 at 2r>^ 0 


Treatments* ' 

Respiration rate 

Composition 
of interior gas 
of tuber, 
per cent 

Total 

CO 2 

plus 

O 2 

ComposiUon 
of gas in jars 
when opened 

CO 2 /O 1 S ratio 
of gas 

Mgms. 
CO 2 per 
kgm. 
hour 

Mgms, 
O 2 per 
kgm. 
hour 

■percent 

From 

interior 

of 

tubers 

In jar 
when 
op'n'd 

CO 2 

O 2 

N2 

C02 

O 2 




10.1 

16.0 

73.9 

26.1 



0.63 


Air, KOH, dry 


6.5 

10.6 

15.2 

74.2 

25.8 

0,0 

15.9 

0.70 


Air, no KOH, dry 

4.9 i 

5.3 

19.4 

13.7 

66.9 

33.1 j 

2.4 

16.3 

1.42 

0.160 

O 2 , KOH, dry 


6.9 

11.2 

31.1 

57.7 

42.3 

0.0 

52.3 

0.36 


02, noKOH, dry 

5.4 

6.2 

22.8 

32.6 

44.6 

55.4 

2.7 

53.4 

0.70 

0.061 

0 ^ 1 , KOH, moist ' 


14.8 

26.1 

24.3 

49.7 

50.3 

0.0 

41.2 

1.08 


O 2 , no KOH, moist 

5.5 

12.2 

27.0 

26.8 

46.2 

53. S 

■ 3.8 

50.3 

l.Ol 

0.076 

Air, KOH, moist 


13.6 

16.0 

11.8 

72.2 

27.8 

0.0 

5.1 

1.3G 


Air, no KOH, moist 

5.0 

10.3 

28.1 

8.8 

63.1 

36.9 

i 3,6 

9.2 

i 3.20 

0.380 


* See text for explanation of treatments. 


TABLE 11 


Belation of Bespiration Bates, to CoMPOsiTioisr of Interior G as of White Bose 

Tubers; March 6 


Five tubers in each jar; weight 613 grams; stored March 3 at 25® 0 


Respiration rate 


Treatments* j 

Mgms. 
CO 2 per 
kgm. 
hour 

Mgms, 
O 2 per 
kgm. 
hour 




Air, KOH, dry..... 


6.6 

Air, no KOH, d,py 

5.0 

5.4 

O 2 , KOH, dry 

6.9 

O 2 , no KOH,' dry 

5.4 

6.3 

0<(, KOH, moist 

16.1 

12.8 

O 2 , no KOH, moist,, 

6.8 

Air, KOH, moist 

14.1 

Air, no KOH, moist 

5.1 

10.1 



Composition 
of interior gas 
of tuber, 

Total 

1, , 

Composition 
of gas in jars 
when opened 

COa/Os ratio 
of gas 

per cent 

CO 2 

plus 

per cent 

From 

interior 

of 

tubers 

In jar 
when 
op'n\l 

CO 2 

O 2 

Na , 

O 2 

CO 2 

O 2 

9,9 

16.3 

73.8 

26.2 



0.61 


10.3 

15.8 

73.9 : 

26.1 

0.0 

16.0 

0.66 


18.8 

13.6 

67.6 1 

33.4 

2.3 

16.3 

1.39 

0.14 

11.1 

32.0 

66.9 

43.1 

0,0 

53.2 

0.35 


22.2 

33,2 

44.6 1 

55.4 

2.5 

53.9 

0.67 

0.047 

24.6 

25.3 

60,2 ] 

49.8 

0.0 

42.1 

0.97 


26.0 

27.1 

46.9 

53,1 

3.7 

50.9 

0.96 

0.073 

16.1 

12.3 

71.7 1 

28.3 

0.0 

6.2 

1.31 


27.6 

9.7 

62.7 

37,3 

3.3 

9.1 

2.86 

0.370 


* See text for explanation of treatments. 


Effects on Bate of Bespiration . — The data presented in tables 8 to 
12 indicate that the presence of potassium hydroxide solution in the 
respiration jars slightly increases the rate of oxygen absorption by the 
tubers. This is very strikingly shown by those lots surrounded by gas 
containing 60 per cent oxygen; they absorb more of this gas and 
give off slightly more carbon dioxide than those in air, which are 
otherwise receiving thp same treatments. Moist tubers absorb oxygen 
and respire carbon dioxide more rapidly than the dry tubers. 
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Effect on Composition of Interior Gas . — The presence of potassinin 
hydroxide in the Jars lowers the percentage of carbon dioxide in the 
interior gas. The presence of the potassum hydroxide solution in- 
creases the percentage of oxygen found in the tubers surrounded by 
air; but the presence of the potassium hydroxide solution decreases 
the percentage of this gas found in the tubers surrounded by 60 
per cent oxygen. 

The percentage of oxygen in tubers surrounded by an atmosphere 
with a large proportion of this gas is higher, and the percentage of 

TABLE 12 

Eeoatiox of Reskraiiox Bates to CoMPOSiTioisr op Interior G-as of White Eose 

Tubers; March 8 

Five tubers in each jar; weight 622 grams; stored March 3 at 25° C. 


Treatments* 

Respiration rate 

Composition 
of interior gas 
of tuber, 
per cent 

Total 

CO 2 

plus 

O 2 

Composition 
of gas in jars 
iwhen opened 

CO 2 /O 2 ratio 
of gas 

Mgms. 
002 per 
kgm. 
hour 

Mgms. 

; 02per 

1 kgm. 
hour 

per cent 

From 

interior 

of 

tubers 

In jar 
when 
op'n’d 

CO 2 

O 2 

N 2 

CO 2 

O 2 i 

Untreated (check) 



10.2 

16.2 

73.6 

26.4 



0.63 


Air, KOH, dry 


5.7 

10.5 

15.5 

74.0 

26.0 

0.0 



16.2 ! 

0.68 


Air, no KOH, dry 

5.2 

5.4 

19.0 

13.4 

67.6 

32.4 

2.4 

16.3 i 

1.42 

0.15 

O 2 , KOH, dry 


6.8 

11.6 

31.8 

56.6 

43.4 

0.0 

51.7 

0,37 


Oa, no KOH, dry 

5.6 

6.2 

22.4 

33.3 

44.3 

55.7 

2.6 

52.3 

0.67 

0.06 

KOTTj mnist 


15.4 

24.2 

25.2 

50.6 

49.4 

0.0 

40.1 

0.96 


O 2 , no KOH, moist... 

5.9 

12.8 

26.1 

27.4 

46.5 

63.6 

3.9 

49.3 

0.95 

0.079 

Air, KOH, moist 


14.5 

16.4 

12.6 

71.0 

29.0 

0.0 

5.3 

1.30 


Air, no KOH, moist 

5.2 

10.2 

27.7 

9.9 

62.4 

37.6 

3.6 

9.5 

2.80 

0.38 


* See text for explanation of treatments. 


carbon dioxide, with the exception of one treatment, is also higher, 
than in tubers in air otherwise receiving the same treatment. 

The percentage of carbon dioxide is higher and of oxygen lower 
in moist than in dry tubers; but the increase of rates of carbon 
dioxide loss and oxygen absorption is larger in the moist tubers than 
the increased percentage of carbon dioxide and decreased percentage 
of oxygen found in them, as compared with the dry tubers. 

Only one treatment, ‘air, EOH, moist,’ had a higher percentage of 
oxygen in the tubers than in the surrounding atmosphere in the jar 
when the jar was opened. The small tubers with more surf ace exposed 
per unit of volume absorb oxygen at a higher rate than the large 
tuberst, . . 
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PERMEABILITY OF PERIDERM TO GAS 

Experimental ProcecI we .—Small, sound tubers, selected on the 
date of harvest, were stored at 8"^ to 10° C at intervals beginning 
November 10 with White Rose and December 1 with Irish Cobbler, 
These lots, in duplicate, of eight tubers each, approximately alike in 
size and shape, were selected for the same weight in each lot. Lot 1 
was chemically untreated, stored dry ; lot 2 was chemically untreated, 
stored moist; and lot 3 was treated with ethylene chlorhydrin and 
stored dry. All were stored at 25° C on the date of the first deter- 
mination. At four tO' seven-day intervals, gas was extracted through 
the uninjured periderm for two minutes into a Torricellian vacuum 
with the instrument described and shown in figure 3. These gases 
were collected, and the amounts extracted from each lot were 
measured. Lots of White Rose were started on November 10, 22, and 
27, on December 1 and 5, and on January 5, 9, 14, and 22. Lots of 
Irish Cobbler were started on December 1, 5, and 11, and on January 
8. In order not to present so many figures, the tables give only the 
data on White Rose started on November 10, December 1, and Jan- 
uary 14, and on Irish Cobbler on December 1 and January 8. 

Small tubers similar to those used in the above experiments were 
studied in an effort to find what change, if any, in amounts and com- 
position of gas extracted would result from the removal of a thin 
layer of periderm. Two lots of tubers of equal numbers, size, and 
total weight were selected, and the gas was drawn out, measured, 
and analyzed. One lot was then peeled, and the gases were immed- 
iately extracted again, measured, and analyzed. These lots were run 
in duplicate. 

Effects m Amoiints of Gas Extracted.— The data of these experi- 
ments are presented in tables 13 to 17. The amount of gas withdrawn 
from the White Rose tubers gradually diminishes with each lot as the 
interval between harvest and first extraction of gas increases, from 
November 10 to January 22. The same is true of Irish Cobbler tubers 
with gas withdrawn at intervals from December 1 to January 8. 
Because of careful selection of tubers in each lot for equality of size, 
shape, and weight, the differences in amoitnt of gas withdrawn^ 
the different lots at the first extraction before treatment w never 
more than 0.1 cc. Extractions made soon after harvest show that the 
amounts from the untreated dry lots slightly increased during storage 
at four or five-day intervals, but the lots started later after digging 
showed a steady decrease in the amount of gas extracted from the 
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untreated dry lots during the period of storage. Witliiii each partic- 
ular lot during the period of storage, and also in the initial extrac- 
tion of each succeeding experiment, the untreated moist and treated 
dry lots give off more gas into the partial vacuum than the untreated 

TABLE 13 

Amount of Gas Extracted* from Whole White Bose, Tube,rs5 Treated and 

Stored November 10 

„ tubers; 175 grams; average of duplicate samples 


Treatment 

Nov. 10 

Nov. 15 

Nov. 20 

Nov, 24 


Cubic centimeters of gas extracted 

Chemically untreated, dry-stored 

5.3 

5.4 

5.6 

6.7 

Chemically untreated, moist-stored 

5.2 

6.2 

6.8 

7.8 

Ethylene-ohlorhydrin-treated, dry-stored 

5.2 

6.2 

6.7 

7.3 


Per cent increase over chemically untreated, 
dry-stored 

Chf*mifially untreated, moist-stored 


14.8 

21 4 

36.9 

28.0 

Ethylene-chlorhydrin-treated, dry-stored 


14.8 

19.6 


TABLE 14 


Amount of Gas Extracted from Whole White Bose Tubers ; Treated and 

Stored Deoember 1 

Eight tubers; 180 grams; average of duplicate samples 


Treatment 

Dec. 1. 

Dec. 6 

Dec. 10 

Deo. 15 


Cubic centimeters of gas extracted 


4.8 

4,6 

4.6 

4.3 


4.7 

6.1 

6.2 

6.3 

Kth y 1 en 1 or h y dr i n -treatt i d , dry -stored 

4.8 

6.0 

6.0 

5,0 



Per cent increase over chemically untreated, 
dry-stored 

Chemically untreated , moist-stored 


10,8 

16.6 

23,2 

Tf/th y ) eo e-oh 1 orh y <’! rl n-tr eated , d r y«stored 


8.7 

11.1 

16.2' ' 




dry lots; The ' differences, however, become less as the end of the. rest 
period is approached, until the gain of the treated and moist-stored 
lots over the untreated dry lots is negligible* During the early 
stages of the rest period, goon after harvest, more gas is extracted 
from the untreated moist-stored lots than fr^ the treated, dry- 
stored ; but later in the rest period, the treated dry-stored lots often 
give larger amounts of gas than the untreated moist-stored lots. 
Interestingly enough, those treatments that shorten the rest period 
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TABLE 15 


Amount op Gas Exteacted prom. Whole White Bose Tubers; Treated and 

Stored January 14 

Eight tubers; 172 grams; average of duplicate samples 


Treatment 

Jan. 14 

Jan. 19 

Jan. 24 

Jan. 28 

j Cubic centimeters of gas extracted 

Chemically untreated, dry-stored 

4.5 

4.1 

3.9 

3.6 


4 4 

4 1 

4 2 

3 9 

Ethylene-chlorhydrin-treated, dry-stored 

4.5 

4.2 

4.1 

3.95 


{ Per cent increase over chemically untreated. 



dry-stored 


Chemically untreated, moist-stored 


0.0 

7 7 

8 a 

Ethylene-chlorhy drill-treated, dry-stored 


2.4 

1 

5.1 

9.7 


TABLE 16 

Amount of Gas Extracted from Whole Irish Cobbler Tubers ; Treated and 

Stored December 1 


Eight tubers ; ISO grams ; average of duplicate samples 


Treatment 

Dec. 1 

Dec. 6 

1 

Dec. 11 

Dec. 16 

Cubic centimeters of gas extracted 

Chemically untreated, dry-stored 

5.0 

4.7 

4.3 

4.2 

Chemically untreated, moist-stored 

5 0 

a 9 

5 5 

5 7 

Ethylene-chlorhydrin-treated, dry-stored..... 

4.9 

5.3 

5.6 

5.6 


1 Per cent increase over chemically untreated. 



dry-stored 


Chemically untreated, moist-stored 


10 6 

27 9 

36 7 

Ethylene-ehloThydrin-treated, dry-stored 


12.8 

27.9 

33.3 


TABLE 17 

Amount op Gas Extracted prom Whole Irish Cobbler Tubers; Treated and 

Stored January 8 

Eight tubers; 170 grams; a.verage of duplicate samples 


Treatment 

Jan. 8 

Jan. 12 

Jan. 17 

Jan. 31 

Cubic centimeters of gas extracted 

Chemically untreated, drv-stored ■ 

4.5 

4.0 

4.0 

3.8 

Chemically untreated, moist-stored ■ ' ’ 

■ 4.4 

4.1 

' 4.4 

4.3 

Ethylene-chlorhydrin-treated. drv-^tored 

4.4 

4.4 

' 4.5 ' 1 

4,3 


Per cent increase over chemically t 

intreated, 



dry-stored 


Chemically untreated, moist-stored......... ■ 


' 2^ ' 

10 0 

1 

Ethylene-chlorhydrin-treated, dry-stored ' .... ■ . ■ 


10.0 


10 . X 
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also increase the permeability of the skin to gas ; and the time during 
the rest period when the treatments are made influences both the 
length of the rest period and the amoimt of gas extracted. 

Data comparing the amounts and composition of gas withdrawn 
from peeled and unpeeled tubers are presented in tables 18 to 21. 
Removing the periderm and a thin layer of cortex increases the 
amount of gas extracted. As these increases are not of very great 
magnitude, the relative permeability of the tissue in the interior of 
the tubers is probably rather low and the periderm is most likely 

TABLE 18 

Effect of PeeiiIng on Amount anb Composition of Gas Extracted from 
White Eosb Tubers, February 21 

Twelve tubers in eacb lot; weight 265 grams; stored at 25“ C; average 
^ of duplicate samples 


Treatment 

Gas 

extracted, 

cc 

Composition 
of interior gas, 
per cent | 

Total CO 2 
plus Os 

Per cent 

1 Ns, by 
difference 

CO 2 

O 2 


Before peeling 

6.2 

6.7 

18.2 

24.9 

75.1 

Lot l| 

Immediately after peeling 

6.5 

10.9 

17.3 

28.2 

71.2 


^Three days after peeling 

5.75 

8.8 

18.7 

26.9 

73.1 


! Not peeled 

5.95 

5.8 

19.1 

24.9 

75.1 

Lot 2| 

Not peeled (immediately after first extraction).... 

5.85 

3.9 

19.4 

23.3 

76.7 


[Not peeled, three days later 

5.65 

6.0 

18.0 

24.9 

75.2 


not the only portion of the tuber that offers resistance to the passage 
of gases. When gas is withdrawn from a given lot of tubers, with 
short intervening intervals, the amount extracted at each successive 
period is less than that from the preceding extraction; this fact 
suggests also that air cannot freely pass inward without some resist- 
ance. The amount of gas withdrawn again from tubers three or four 
days after peeling, is less than that withdrawn immediately after peel- 
ing, but somewhat more than that extracted from unpeeled tubers at 
the same time. Gas extracted from tubers immediately after peeling has 
a larger percentage of carbon dioxide than the gas withdrawn from 
the same lot just before peeling; on the other hand, when gas is 
extracted twice within a few minutes from the same lot of tubers with- 
out peeling or injuring, it has a lower percentage of carbon dioxide at 
the second extraction than at the first. With these treatments, the 
percentage of oxygen in the extracted gas does not change very much 
but usually decreases slightly in peeled tubers; with unpeeled tubers 
it increases somewhat in the extraction immediately after the first. 
Gases extracted and analyzed from peeled tubers three or four days 
after peeling have a higher carbon dioxide content and a somewhat 
higher oxygen content than extracted from unpeeled at 

■.the same'time* 
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TABLE 19 

Effect op “Peeling on Amount anb Composition of Gas Extracted prom 
White Rose Tubers; February 25 


Twelve tubers in each lot; weight 266 grams; stored at 25° C; average 
of duplicate samples 


Treatment 

Gas 

extracted, 

cc 

Composition 
of interior gas, 
per cent 

Total CO 2 
plus O 2 

Per cent 
Na, by 
difference 

CO 2 

O 2 


Before peeling 

6.15 

11.5 

10.9 

22.4 

77.6 

Lot sj 

Immediately after peeling 

6.75 

23.0 

10.6 

33.6 

66.4 


> Four days after peeling 

4.8 

12.2 

13.8 

26.0 

74.0 


Not peeled 

5.95 

12.4 

11.0 

23.4 

! 76.6 

Lot4j 

Not peeled (immediately after first extraction).... 

4.4 

10.2 

12.8 

23.0 

77.0 


• Not peeled, four days later 

4.5 

11.3 

12.6 

23.9 

76.1 


TABLE 20 

Effect of Peeling on Amount* anb Composition op Gas Extracteb prom 
Irish Cobbler Tubers; February 26 


Eight tubers in each lot; weight 249 grams; stored 8® to 10° 0; average 
of duplicate samples 


Treatment 

Gas ! 
extracted, 

Composition 
of interior gas, 
per cent 

Total CO 2 
plus O 2 

Per cent 
Ns, by 


cc 

CO 2 

O 2 

difference 

L P®®hng 

6,45 

1.8 

21.2 

23.0 

77.0 

1 Immediately after peeling 

6.45 

4.2 

19.7 

23.9 

76.1 

Lot peeled 

6.25 

3.5 

19.4 

22.7 

77.3 

\Not peeled (immediately after first extraction).... 

6.20 

1.8 

21.2 

23.0 

77.0 


TABLE 21 

''EFfSCT op: Amount ANB Composition op Gas Extracteb prom 


Irish Cobbler Tubers; February 26 

Eight tubers in each lot; Weight 240 grams; stored 8° to 10° 0; average 
of duplicate samples 


Treatment 

Gas 

extracted, 

cc 

Composition 
of interior gas, 

■ .percent'' 

Total CO 2 ' 
plus p 2 

Per cent 
■Ns, by " 
difference' 

CO 2 


: 1 Before peeiing;., 

6.25 


'TO-'O" 


'"'Y7.,5''''\'.,' 

Lot 7 1 Before peeling (immediately after the first) 

6.20 

V 

20.9 

22.8 


' ' (immediately after peeling.... 

6.5 

' ; ^ 4:9' 

20.3 


74,8;;,"::; 
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DISCUSSION OF EESULTS 

Some definite differences in rates of emission of carbon dioxide and 
absorption of oxyg:en, composition of interior gas, and permeability of 
tubers to gas have been found in tubers stored under various condi- 
tions and those treated with chemicals. These differences appear to be 
correlated with the length of the rest period. 

Tubers treated with ethylene chlorhydrin and those chemically 
untreated are, when inoist-stored, more permeable to the passage of 
gas than the chemically untreated dry-stored. Eegardless of the 
method of treatment, the shorter the time between harvesting and the 
extraction of the gas, the more permeable are the tubers to the gas. 
The amount of gas extracted from the same lot of tubers also decreases 
throughout the storage period if the gas is first extracted and the 
potatoes stored late in the rest period. It was also found that 
White Eose and Irish Cobbler tubers have a higher respiratory activity 
when harvested immature, but that this decreases as maturity advances 
and also during subsequent storage at 25° C. These data suggest 
that the rate of respiration may be greatly influenced by the perme- 
ability of the tuber tissue to carbon dioxide and oxygen. 

Appleman and Miller^^^ suggest that the higher respiration in 
immature Eural New Yorker potatoes for a period after digging may 
result from the fact that the skins are more permeable to gas. Re- 
moving the outer layer from small whole tubers with well developed 
periderm which was relatively low in permeability to gas, resulted in 
an increase in amounts of gas extracted similar to the increase in the 
case of the tubers which eaidier during the rest period were chemically 
treated or stored moist. Three or four days after peeling, when the 
wound periderm had formed, the gas extracted from the peeled 
tubers decreased in quantity almost to the same level as that from 
unpeeled tubers. Analyses of these extracted gases indicate that the 
wound periderm that formed on the peeled tuber is similar to the 
periderm of the unpeeled tubers in its permeability to carbon dioxide 
and o^xygen: , 

The increase in carbon dioxide immediately after peeling and the 
slight decrease in oxygen may be the result of increased respiration 
from wounding. This hypothesis does not appear plausible, however, 
because of the very short interval between peeling and the extraction 
of the gas. Stich^®®^ and Johnstone^^®^ have shown that the increase 
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in rate of carbon dioxide given off after wounding largely results from 
meclianieally facilitating the exchange of gases. Tlie results of this 
investigation also suggest that the periderm of the tuber is more per- 
meable to oxygen than to carbon dioxide, because the increase in 
percentage of carbon dioxide found is several times the decrease 
noted in oxygen. The data on unpeeled tubers with gas withdrawn 
again immediately after the first extraction suggest this also, for the 
carbon dioxide is lower and the oxygen percentage is higher in the 
second extraction than in the first. 

This supposition is not borne out, however, by the studies on 
rates of diffusion of dissolved oxygen and carbon dioxide. Gases may, 
however, diffuse either in the dissolved or in the undissolved state. 
In the dissolved state, carbon dioxide would, because of its higher 
coefficient of solubility, diffuse at a greater rate than oxygen. The 
periderm of the potato tuber is, however, extremely dry, corky, and 
impervious to water. If the passage of gas through this tissue were in 
the undissolved state, oxygen would diffuse faster than carbon dioxide. 
The data of these experiments suggest that the passage of gas through 
the well-developed periderm of potato tubers may be at least partially 
in the undissolved state. 

The work of Becquereb^^ shows that thoroughly dried seed 
coats of certain plants are impervious to various gases, and Shulb^^^ 
states that no evidence was obtained of the diffusion of oxygen 
through absolutely dry seed coats of Xanthmm, Similar data have 
been presented by Crocker/®^ Shull/®®^ and others working with seeds 
possessing unusually long rest periods. They found that the removal 
of the seed coats of Xmthium seeds induced oxygen entrance and 
germination to occur much sooner than when the seed coats were 
intact. Shulb^®^ also found that increased oxygen* pressure caused a 
large increase in the oxygen intake with the coats of Xanthium intact. 

Investigation at this experiment station showed that potato tubers 
in gas of 60 per cent oxygen for a period of 48 hours absorbed more 
of this gas than those in air. This increase was not very great — about 
1-2 milligrams per kilogram per hour. Perhaps a 48-hour exposure 
so late in the rest period is too brief to cause greater response. In 
other experiments in which tubers in the latter part of the rest period 
were kept in gas of 60 per cent oxygen, there was no apparent abbre- 
viation of the rest period. Favorable results with high oxygen per- 
centage might, however, he obtained if the tubers were exposed to the 
oxygen earlier in the rest period. 

One should note that in all experiments of this investigation there 
is a larger oxygen absorption by the tubers subjected to those treat- 
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ments and conditions which shorten the rest period. This increased 
absorption of oxygen may be due, at least partially, to the increased 
permeability of the periderm to this gas. Conversely, the low per- 
meability of the tissue to carbon dioxide probably plays a role in 
the metabolic processes of the tuber by the accumulation of this gas 



Fig. 4. White Rose potato tubers in 25° G storage, harvested November 10, 
treated November 28-29, stored November 29, 1928, and photographed January 15, 
1929. (1) Chemically untreated, dry-stored; (2) chemically untreated, moist- 

stored; (3) ethylene-chlorhydrin-treated, dry-stored; (4) ethylene-ehlorhydriu- 
treated, moist-stored. Note the dark color of the periderm and the prominent 
lentieels in the moist-stored tubers. 

wbicli may result in prolonging the rest period. Magness and DiehF^®^ 
are of the opinion that there may be a limitation in the oxygen supply 
which retards ripening of apples, or an increase in carhon dioxide 
which may inhibit or stop oxidation and further ripening. Willaman 
and Beaumont^®^^ also state that an aeeumulation of carbon dioxide 
in the atmosphere surrounding plant tissue appreciably affects the 
respiration of that tissue. Mack^^’^^ also has shown that after celery 
has been treated with ethylene, the removal of carbon dioxide by a 
solution of potassium hydroxide increases the rate of blanching. 
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Appiemaii*^^^ states tliat tlie treatments tliat siiorteix tlie rest period 
cause an increase in oxygen absorption; but lie drew this concliisioii 
only from tbe amount of earbon dioxide given off. Results of exper- 
iments with moist tubers, however, indicate that at least for short 
periods of time, the rate of earbon dioxide loss is not a reliable 
criterion for determining the amount of oxygen absorbed. 



Fig. 5. IrisM Oohbler tubers ia 25^0 storage, harvested Noveniber 10, 

treated December 10~1I, stored December 11, 1928, and pliotograpbed Jau-uary 15, 
1929. (1) Chemically untreated, dry-stored; (2) chemically untreated, moist- 

stored; (3) ethylene-ehlorhydrin-treated, dry-stored. Note the dark color and 
large, stubby sprouts of the untreated moist-stored tubers. 

Moist storage of potato tubers as a means of abbreviating the 
rest period has not long been advocated. Rosa^^^> states that moist 
storage, especially at moderate temperatures, has greatly shortened 
the rest period. Loomis, however, has concluded that at moderate 
temperatures the rest period was not shortened by storing potatoes in 
moist moss. In the investigations of the writer, however, moist 
storage at 25*^ C was one of the most effective methods of breaking the 
rest period. The behavior of moist-stored tubers, with regard to 
gaseous exchange and gaseous content, has been compared with that 
of tubers chemically treated and chemically untreated and stored 
dry. All lots of tubers stored moist have a greater rate of emission of 
carbon dioxide and absorption of oxygen than those stored dry. The 
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longer tlie time between harvest and moist storage, the longer it 
takes for the loss of carbon dioxide and absorption of oxygen to 
begin increasing and to reach the maximum rate. 

When tubers were chemically treated and stored moist, the effects 
of both treatments were evident in rate of loss of carbon dioxide and 
absorption of oxygen. Keeping tubers in moist media facilitates the 
movement of carbon dioxide and oxygen through the periderm, ap- 
parently by increasing the permeability to these gases. These data 
suggest also that the increased rate of loss of carbon dioxide is a 
direct result of the increased absorption of oxygen. The data of the 
experiments in which the tubers were in the jar for a period of only 
48 hours, show a much higher rate of absorption of oxygen by the 
moist than by the dry tubers, but only a small increase in rate of 
loss of carbon dioxide by the moist over those of dry storage. Analyses 
of the interior gas show, however, that within these 48 hours metabolic 
action has increased, as is manifested by the higher carbon dioxide 
and somewhat lower oxygen content in the moist than in the dry 
tubers. A longer exposure in the moist media would very likely result 
in a more rapid loss of carbon dioxide. In other experiments, tubers 
kept continuously moist for several weeks show a much increased rate 
of carbon dioxide loss parallel with the higher rate of absorption of 
oxygen. 

The combined data of these two series of experiments indicate 
f urther that moist-stored tubers are at first more permeable to oxygen 
than the dry-stored ; then follows a period when the differences 
decrease, and then a period when those stored moist continue to 
gain over those stored dry with both carbon dioxide and oxygen. 
Perhaps at the beginning of the experiments, when the moisture has 
not yet had sufficient time to penetrate the periderm, the two gases 
diffuse through only or mainly in the undissolved state. In this case, 
oxygen would pass through more rapidly than carbon dioxide. Later, 
however, when the moisture has penetrated the periderm, the gases 
will tend to diffuse through in the dissolved state. Carbon dioxide 
should then pass through the more rapidly. The amount of oxygen 
absorbed by the dry-stored lots decreases during storage, whereas that 
of the moist-stored lots increases. The partial pressure differences of 
the gases inside and outside of the tubers probably wmuld account for 
some of these results, hut data of those experiments in 'which a solution 
of potassium hydroxide was placed in the respiration jars, indicate 
that these differences do not :^esult entirely from changes of partial 
pressure. 

Tubers treated with ethylene-ehlorhydrin and stored dry show 
behavior similar to that of the chemically untreated, moist-stored 
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tubers except that the former are usually more rapid in their action 
immediately after treatment and storag'e and that after the initial 
rise they gradually decline to a lower level than the action’ of the 
chemically untreated, moist-stored and ethylene-chlorhydrin-treated, 
moist-stored lots. 

Tubers of the ethylene-chlorhydrin-treated, moist-stored lots had 
the shortest rest period. Next in order followed the chemically un- 
treated, moist-stored, the ethylene-chlorhydrin-treated, dry-stored, and 
the chemically untreated, dry-stored, when all were stored at 25° C. 
Photographs of tubers treated in this manner are shown in figures 
4 and 5. 


SUMMABY AND CONCLUSIONS 

White Bose and Irish Cobbler tubers were used in an attempt to 
ascertain how various treatments affect the rate of loss of carbon 
dioxide and absorption of oxygen, the composition of interior gas of 
the tubers, the permeability of the periderm to gases, and the length 
of the rest period. The treatments included harvesting at various 
stages of maturity, subjection to ethylene chlorhydrin vapor for 24 
hours, storage dry and storage moist, storage in air of high oxygen 
percentage, and peeling the tubers. 

Irish Cobbler tubers were dug at various stages of maturity on 
May 21 and 31, June 11 and 21, and July 2,* the White Bose tubers 
were dug on the same dates as the Irish Cobbler and also on July 12. 

Chemically treated tubers were subjected to 0.75 cc of 40 per cent 
ethylene chlorhydrin per liter of space for 24 hours. 

Tubers of the dry-stored lots were stored in shallow wooden trays; 
those of the moist-stored lots, in wooden boxes in well-leached moist 
sphagnum moss or coarse, moist sawdust. 

Dry and moist tubers were placed in respiration jars containing air 
with 20.6 per cent and 60.0 per cent oxygen with and without the 
accumulation of carbon dioxide. 

The permeability of the periderm of the tubers to gas was deter- 
mined by withdrawing the gas from the tubers into a vacuum from 
whole uninjured tubers and from peeled tubers. 

The respiratory gases were analyzed for carbon dioxide and 
oxygen with the Orsat gas analysis apparatus. The gases extracted 
from the tubers into a vacuum were analyzed for carbon dioxide and 
oxygen with a modified Henderson’s Eespiratory Gas Analyzer. 

White Bose and Irish Cobbler tubers harvested immature exhibit 
a higher respiratory activity at time of digging than those harvested 
more mature. The respiration rate gradually declines with advancing 
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maturity in tlie field and in storage at 25° C, altliough mncli more 
rapidly in the latter case. Data on amounts of gas extracted from 
small whole tubers indicate that the decrease in respiration rate as 
the maturity and storage periods advance partially results from the 
increase in development of the periderm as a barrier to the passage of 
oxygen and carbon dioxide. 

White Eose tubers have a higher respiratory activity and a shorter 
rest period than Irish Cobbler tubers. 

Treating tubers with ethylene chlorhydrin and keeping them in 
moist storage tend to abbreviate the rest period and cause a striking 
increase in rate of loss of carbon dioxide and absorption of oxygen over 
the chemically untreated, dry-stored tubers. 

Analyses of interior gases in relation to the rate of carbon dioxide 
loss and oxygen absorption indicate that chemical treatments and 
moist storage facilitate the exchange of gases in potato tubers. 

Tubers stored moist at 25° C in jars of air and of 60 per cent 
oxygen, absorbed much more oxygen than dry-stored tubers, but gave 
off only slightly more carbon dioxide during a 48-hour period. The 
presence of a solution of potassium hydroxide in the jars increased 
the absorption of oxygen by the tubers. Tubers in an atmosphere of 
60 per cent oxygen absorbed slightly more of this gas than those in 
air. The relation of the composition of the interior gas to the above 
treatments also indicates that moist tubers are more permeable to 
carbon dioxide and oxygen than dry tubers. 

Eesults of amounts of gas extracted from small, whole White Eose 
tubers indicate that the chemically treated and moist-stored tubers are 
more permeable to gas than the chemically untreated dry-stored tubers. 
All tubers become less permeable to gas as the period between harvest 
and extraction increases. 

Comparisons of the amount and composition of the gas extracted 
from peeled and unpeeled whole tubers indicate that the periderm 
offers resistance to the passage of carbon dioxide and oxygen, also that 
the interior tissue of the tubers retards somewhat the passage of 
these gases. 
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INTRODUCTION 

When in June, 1924, Calmette and Guerin^-^^ first published their 
offer to furnish BCG cultures for experimental trial, the writers took 
under consideration plans for testing this method of vaccinating 
animals against tuberculosis. The matter rested until 1926, however, 
when Mr. H. D. Williamson of Napa, having read press notices of the 
French experiments, became interested in the possibility of controlling 
tuberculosis by means of this material in his dairy herd of about two 
hundred cows on Grisly Island in the Sacramento-San Joaquin Delta. 
Mr. Williamson urged that cultures be secured at once and furnished 
funds to pay for cablegrams and airmail postage. Plans were then 
developed for conducting formal investigations under controlled condi- 
tions at the California Agricultural Experiment Station, as well as 
for starting the work with the culture in the Williamson herd. 

The following paper includes a summary of the experiments with 
the culture BCG by Calmette and Guerin and others, a report of the 
investigations with the culture to date at the California station, and 
an account of the attempt to control tubercnlosis by means of culture 
BCG in a commercial dairy herd, together with summaries and conclu- 
sions drawn from the work in California. 

' ' i..B'ro'fessor,. .of Yeteriiiary Science and Yeterinarian in tke' Experiment .Station. 

2 Professor of Yeterinary Seienee and Yeterinarian in tiie Experiment Station. 

3 Professor of Yeterinary Science and Yeterinarian in the Experiment Station. 

4 Assistant in Veterinary Science. 
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SUMMABY OP THE EXPERIMENTS OP CALMETTE AND 
GUERIN AND OTHERS 

The experiments by Calmette and Guerin concerning the resistance 
to tuberculosis conferred upon young cattle by the bile-attenuated 
tuberculosis culture BCG (bacille bilie Calinette-Guerin) may be 
summarized as follows ' 

In 1911 Calmette and Guerin^^"> published the results of experi- 
ments ill which 14 heifers, about 3 years of age, were given each 
month intravenous doses of 200 milligrams of BCG. After 6 months 
of such treatment, 9 became cachectic, but, on slaughter, no lesions of 
tuberculosis w^ere found. Attempts were made to infect some of the 
remaining vaccinated heifers by injecting cultures of virulent bovine 
tubercle bacilli intravenously. It was determined by guinea-pig tests 
that these heifers excreted the virulent bacilli by way of the intestinal 
tract, but when they were slaughtered, no visible lesions of tuberculosis 
could be found. 

In 1913 and 1914 Calmette and Guerin^^^’ reported that 7 
heifers had been vaccinated intravenously with two doses of 1 and 
5 mg, respectively, of the thirty-third and thirty -fourth transplants 
of BCG on ox-bile potato. Thirty days after the second vaccination, a 
dose of 3 mg of virulent tubercle bacilli wms given intravenously to 
each of the 7 heifers and to 1 nonvaccinated control. The control died 
of miliary tuberculosis in 34 days. The vaccinated heifers remained 
apparently normal and were killed at 1, 2, 3, 4, 8, 12, and 18 months, 
respectively, after the test injection. No visible lesions of tuberculosis 
were found, but in ail 7 eases virulent tubercle bacilli were demon- 
strated by guinea-pig inoculation in the apparently normal bronchial 
lymph nodes. 

In 1920, Calmette and Guerin^^®^ published the results of a care- 
fully eontrolled trial, begun in 1912, of the resistance to tuberculosis 
of vaccinated heifers when associated with cows having open tubei'cn- 
ous lesions. Ten non-reacting heifers, aged 9 to 10 months, were 
selected, 4 of them being reserved as controls. Each of the other 6 
received, in the jugular vein, 20 mg of bacilli from a 2-week-old 
planting of BCG, the seventieth transplant on ox-bile potato. On the 
same day, the 10 heifers were placed, together with 5 adult tubercu- 
lous cows, in a stable arranged to favor natural infection. The experi- 
ment lasted for 34 months, during which time some of the 5 tubercii- 
loiis COW’S died and were immediately replaced bj: other open eases of 
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tuberculosis. After 18 months of such exposure to tuberculosis, none 
of the 6 vaccinated heifers reacted to tuberculin, while 3 of the 
controls gave definite reactions. 

Three of the 6 vaecinated heifers, at the end of a year, received 
intravenously a second injection of 20 mg from a 21-day culture of 
BCG, the eighty-ninth transplant on ox-bile potato, and 2 of these 3 
heifers received again, 12 months later, 20 nig of the one hundred and 
thirteenth generation of BCG culture. In March, 1915, 1 of these 2 
heifers was killed accidentally. No lesions of tuberculosis could be 
found, and guinea pigs inoculated with portions of her bronchial 
lymph nodes were found normal on autopsy after 5 months. 

On account of the war, it became necessary to terminate the experi- 
ment in August, 1915. On autopsy of the 9 remaining heifers, the 
following observations were made : 

1. Three controls presented some tuberculous lesions, which were 
in general of slight extent. The fourth control, which had never 
reacted to tuberculin, was free from lesions. 

2. Two of the 3 heifers vaccinated only in 1912 had a few small 
tubercles in the lungs and in the bronchial, mediastinal, and mesenteric 
lymph nodes. The third was free and portions of its lymphatic tissue 
inoculated into guinea pigs did not cause tuberculosis. 

3. The heifer which had been vaccinated in 1912 and again in 
1913 was free from tuberculous lesions, and portions of its lymphatics, 
injected into guinea pigs, did not cause tuberculosis. 

4. The 2 heifers vaccinated in 1912, 1913, and 1914 were free, and 
portions of their lymphatics failed to produce tuberculosis in guinea 
pigs..' 

Calmette and Guerin concluded from this experiment that the 
intravenous injection of BCG not only confers upon healthy bovines a 
tolerance against artificial test inoculation, but also protects them for 
a time against infection from close and continued cohabitation in 
infected stables. They .eoneluded that this tolerance, apparently 
linked with the presence of nonvirulent bacilli in the body, does not last 
longer th to 18 months after a sinpe vaceination. They stated that 
the tolerance cotild be maintained by vaccinations carried on each year. 

In 1924, Calmette and Guerin^^'^^ reported an experiment with 20 
heifers, 7 to 8 months old and free from tuberculosis as indicated by 
the tuberculin test. Heifers 1 to 12 w^ere vaccinated subcutaneously 
in the dewlap with BCG, the even numbers receiving 50 and the odd 
numbers 100 mg, respectively. Numbers 13 to 18 served as controls 
and 'were maintained under the same conditions. The 12 vaccinated 
;:heilbrki%ere:':d'iviied'':|nlb:^six,,^'grWpk;bf 
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With each group was placed one of the nouvaccinated control heifers^ 
each group of three occupying an isolated stall. To test the resistance 
conferred hy the vaccine, virulent bovine tubercle bacilli from cultures 
were weighed in a fresh state and inoculated into 19*'^ of the heifers, 
intravenously, in 5-mg doses with the following results : 

Group I. Yacciiiated heifers 1 and 2 and control No. 13 were 
inoculated 1 month after vaccination. Control No. 13, killed 60 days 
after inoeiilatioii, showed advanced miliary tuberculosis of the lungs. 
Vaccinated heifer No, 2 died of verminous bronchitis 5 months and 
7 days after inoculation. No lesions resembling tuberculosis were 
found. Guinea pigs, inoculated with portions of the apparently nor- 
mal left bronchial lymph node, contracted tuberculosis. Vaccinated 
heifer No. 1 remained in good condition and was butchered 12 months 
after inoculation. No lesions of tuberculosis could he found. Portions 
of the left bronchial lymph node were injected into 4 guinea pigs. 
These were killed but no indication of tuberculosis could be found in 
them. 

Group II. Vaccinated heifers 3 and 4 and control No. 14 were 
inoculated 3 months after vaccination. Control No. 14 died of miliary 
tuberculosis 44 days after inoculation. Vaccinated heifers 3 and 4 
remained in good condition. They were slaughtered 11 mouths after 
the test inoculation and no tuberculous lesions could be found. Por- 
tions of their bronchial lymph nodes were inoculated into guinea pigs. 
These pigs were killed 45 days after inoculation. Those that had 
received tissue from heifer No. 4 were tuberculous, but those inocu- 
lated from No, 3 were free from tuberculosis. 

Calinette^^^^ in the latest edition of his book L’Infedion BaciUaire 
et la tuhercd cliez rHomme et cliez les Animmix attributes great 
importance to the observation that the guinea, pigs inoculated from 
heifers 1 and 3 remained free from, tuberculosis. In previous experi- 
ments he had observed that calves vaccinated by the intravenous route 
and later inoeulated by the same route with virulent bacilli, remained 
free froni caseous lesions, but their appareutly normal lymph-node 
tissue would retain the bacilli virulent for guinea pigs for at least 18 
months. The fact that guinea pigs did not contract tuberculosis when 
injeeted with tissues from heifers 1 and 3 was interpreted by Calmette 
to indicate that the subcntaneous injection of BCG is more efficacious 
than ^ the /iiitimvenous method of vaccination. . 

Group III. Vaccinated heifers Nos. 5 and 6 and control No. 15 
were inoctil ated 6 months after vaccination. Control No. 15 beca.me 
very emaciated, was killed 60 days after inoculation and was found to 


o Only 19 heifers are accounted for in their descriptions. 
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liave extensive miliary tuberculosis of the lungs with some hepatiza- 
tion. Vaccinated heifers 5 and 6 were slaughtered 8 months after 
inoculation and no lesions of tuberculosis w^ere found, but their appar- 
ently normal bronchial lymph nodes contained tubercle bacilli virulent 
for guinea pigs. 

Group IV. Vaccinated heifers 7 and 8 and controls 16 and 16^1 
were inoculated 12 months after vaccination. On account of the long 
delay, it was thought necessary to have 2 controls. The 2 controls 
died of miliary tuberculosis in 32 and 58 days, respectively. The 
vaccinated heifers Nos. 7 and 8, remained in excellent condition and 
w^ere slaughtered 3 months after the infecting inoculation. No tuber- 
culous lesions could be found, but their apparently normal bronchial 
lymph nodes contained tubercle bacilli virulent for guinea pigs. 

Group V. Vaccinated heifer No. 10 died 25 days after vaccination. 
Vaccinated heifer No. 9 and control No. 17 were inoculated with 
virulent bacilli 15 months after vaccination. Control No. 17 died of 
miliary tuberculosis 54 days after inoculation. Vaccinated heifer No. 
9 was butchered 2 months after inoculation. No lesions typical of 
tuberculosis w^ere found, although the bronchial and mediastinal 
lymph nodes were reported by the veterinary director of the abattoir 
to be slightly enlarged and juicy. No mention was made of guinea-pig 
inoculations. 

Group VI. Vaccinated heifers 11 and 12 and control No. 18 were 
inoculated 18 months after vaccination. The control died of miliary 
tuberculosis in 42 days. After the intravenous inoculation, with 
virulent tubercle bacilli, No. 11 gave the immediate thermal reaction 
typical in vaccinated calves, while No. 12 did not show this reaction 
but, on the 13th to the 18th days it showed a marked hyperthermia 
(39.8° C), after which it became apparently normal in every way. 
The 2 vaccinated heifers were killed 2 months after inoculation. 
Vaccinated heifer No. 11 was apparently free from tuberculosis, 
although its lymph nodes were somewhat enlarged and soft. In 
vaecinated heifer No. 12, the lungs were firm and incompletely col- 
lapsed. On section, the lung tissues were found thick and hard, but 
permeable throughout. The bronchial and mediastinal lymph nodes 
were firm and enlarged to twice normal size. On section, they wmre 
found to contain white islets, inclining to gray, surrounded by a zone 
mixed with blood, almost hemorrhagic, without visible tuberculous 
nodules. Galmette concluded that No. 12 had reached the limit of its 
tolerance' 'after 18 months, although its resistance was, still 'sufficient ■, to ■ 

' prevent",' it from.. contracting 'the form -of acute miliary ,.':tubereulosis' 
'.'Shown'hy the,. control. .; 
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In 1927, Guerin, Richard, and Boissiere^^"^ reported an attempt, 
begun in 1921, to eliminate tuberculosis from an infected herd of 50 
to 70 cattle at Griiviile by vaccination of the young calves with BCG. 
The harmlessness of BCG for cattle was indicated by the fact that 30 
animals, vaccinated in 1921-1924 and in several cases revaccinated 
for 3 or 4 eonseciitive years, were found, on slaughter for beef, to be 
free from tuberculous lesions. Guerin and his associates expressed a 
belief in the efficacy of the vaccine in preventing tuberculous infec- 
tion in the young cattle associated with many tuberculous cows under 
conditions in which no sanitary precautions were taken to prevent the 
spread of infection. However, definite proof of this seems to be 
lacking, especially since no controls were used. No precautions appear 
to have been taken to protect the young calves from infection during 
the first few weeks of their lives and, in several instances, the first 
vaccination was delayed from 3 to 8 weeks, although in a recent publi- 
cation, Calmette and Guerin^-^^ have pointed out the importance of 
protecting all vaccinated calves in herds where eases of open tubercu- 
losis exist by observance of the following precautions : 

(1) The first injection of BCG vaccine should be made as soon as 
possible after birth and not later than the 15th day. 

(2) The vaccmated subjects should he protected from abundant 
and repeated contamination by isolation and by feeding mill?: free 
from tubercle bacilli. 

They further state that if calves receive the harmless bacillus- 
vaccine before exposure to virulent hacilli, they will be ^^premune.’’^ 
If, on the contrary, virulent organisms are already installed in the 
animal the vaccine cannot play any useful role. 

Attempts to confirm the findings of Calmette and his associates 
have been reported by investigators in various countries. So far as 
the experiments on cattle are concerned, the results have been variable. 

reported the vaccination of 841 head of cattle of all 
ages, 286 of which were in herds from which reactors to the tuberculin 
test were removed before starting to vaccinate. No injurious effect 
was obsem’-ed to result from the vaccine. 

Fenelon^^®^ has reported preliminary results of a field trial on two 
infected farms where all of the calves have been vaccinated since 1924 
at 3 weeks to 1 month of age. One hundred and eleven vaccinated 
calves on these farms, at the time of publication, were reported to he 

s According to Calmette, the word ^^premunition’^ was first proposed in 1024 
by Edm. Sergent and Donation to designate a condition of protective latent infec- 
tion, such as exists in certain protozoan diseases, particularly bovine piroplasmosis. 
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in excellent condition. No tuberculous lesions were found in 32 
vaccinated calves that were butchered or that had died of intereiirrent 
diseases. 

The results of Ascoli and his associates^^^ have apparently sup- 
ported the claim that subcutaneous injections of BCG will protect 
ag‘ainst an intravenous dose of virulent tubercle bacilli that is fatal to 
nonvaccinated cattle. 

A preliminary report of the Ukranian Commission summarized 
by Tzeknovitzer^^®^ states that 12 calves and 2 colts were injected 
subcutaneously or intravenously with 76 to 200 m^ of BCG. They 
all continued to develop in a normal fashion. One of the calves which 
had received 76 mg' subcutaneously was killed 6 months later. Autopsy 
showed it to be free from tuberculosis, except that at the point of 
vaccination there was a circumscribed infiltration of the tissues with 
acid-fast organisms. 

Eight months after vaccination, another calf which received 300 mg 
intravenously was killed. Lymph nodes in various parts of the body 
were enlarged, but no lesions characteristic of tuberculosis could be 
found. Guinea pigs inoculated from the lymph nodes remained 
normal. 

In a communication in 1927 Tzeknovitzer^^*^^ reported a trial with 
13 vaccinated and 4 control calves. Six to 8 months after vaccination 
these were subjected to intravenous infection with the small dose of 
0.005 mg of Vallee^s strain of virulent tubercle bacilli. His statement 
of the results may be summarized as follows : 

After the injection of the virulent Valiee culture the controls did 
not show a thermic reaction, but the vaccinated animals had a typical 
rise in temperature corresponding to a tuberculin reaction. All of 
the controls died in about 6 weeks of miliary tuberculosis. One of the 
vaccinated animals died 6 weeks after infection. No evidence of 
tuberculosis was found in it, but there was impaction of the stomachs 
and fatty degeneration of the liver. The other vaecinated animals 
developed normally. Two were butchered 3 months after the intra- 
venous infection. Autopsy showed a nodular tuberculosis of moderate 
intensity in one animal and a similar, but milder, condition in the 
other. These lesions were not sufficient to have any clinical effect on 
the general condition of the animals. One of the vaccinated calves 
died from causes other than tuberculosis 3% months after intravenous 
infection. In the left lung were 7 to 10 small isolated tubercles tend- 
ing to calcification. Two more of the vaccinated calves were butchered 
6 months after infection. One had several isolated tubercles on the 
pleura and a large number scattered through the parenchyma of the 
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liing', but it was stated tiiat there was no- evidence of a tendency of 
these lesions to spread. The other calf, killed at the same time, had 
several calcified nodules in the bronchial and mediastinal lymph nodes 
and also a few pulmonary nodules. There was a slight hyperplasia of 
the pleura. ' 

Another vaccinated calf was butchered 8 months after infection 
and showed 3 tubercles in the lungs and 1 on the pericardium. There 
was a slight serous hyperplasia of the pleura. 

Ten months after vaccination, another vaccinated calf was 
butchered. In the lower part of the lung was a: caseous mass, the size 
of a hazel nut and 6 or 7 others, each the size of a pea. One tubercle 
was found in the apex of the left lung. The nature of the caseous foci 
had not been determined at the time of publication. There w'as a 
slight hyperplasia of the visceral and parietal pleura. 

All of these cattle killed 6, 8, and 10 months after infection, were 
reported to be clinically in excellent general condition. 

In the third report of the Okranian Commission, Tzeknovitzer^^^’ 
stated that 50 calves in all had been used in the experiments and that 
the vaccination of cattle confers in general in these animals a manifest 
resistance to experimental infection. 

Lange and Lydtin^‘‘^'^'"V vaccinated calves in various ways and 3 
to 3^4 months later infected them with intravenous doses of 2 mg of 
the Vallee strain of virulent bovine tubercle bacilli with the results 
shown in table 1. 

In a further vaccination trial, Lange and Lydtin^^"’^ injected 4 
calves intravenously with 20 mg of Yallee strain of virulent bovine 
tubercle bacilli, 6% months after vaccination of 2 of them. The 
results of this trial are shown in table 2. 

They concluded that their results stand in contradiction to the 
observations of Calmette and Tzeknovitzer, and suggested that, in 
recent years, there may have been a weakening in virulence of BCG, 
thereby resulting in a reduction in its immunizing power. 

Watson, McIntosh, and KonsB’^’’^ have reported experiments with 
14 calves that were placed with tuberculous cattle within the week 
following vaccination. On slaughter after 15 to 25 months these 
calves all showed tuberculous lesions, varying in the different animals 
from involvement of two groups of lymph nodes to extensive generali- 
zation. The control animals, 3 in number, also showed lesions. Their 
coneliision was that as far as a comparison is possible with these 
unequal numbers, there was nothing in favor of the vaccinated animals, 
nor any evidence to indicate a greater degree of resistance on their 
part to tuberculosis. , , , 
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In addition, has reported results 021 7 ealyes which were 

vaccinated twice at intervals of 12 to 14 months. These and 3 iinvac^ 
ciliated controls were all exposed to natural infection through milk and 
by cohabitation with tuberculous cattle. On slaughter at an age of 19 
to 25 months tuberculous lesions were found in all 10. Watson stated 
that there w'as no definite evidence that the vaccinated were more 
resistant than the unvaeeinated. 


TABLE 1 

Eestjuts op Tarious METHOD'S OP VAccmATion IN Tests by Lange a,nd Lydtin* 


Calf 

No. 

Vaccination 

Death, 
days after 
infection 

Autopsy 

2 

160 mg BCG 
subcutaneous 

Died, 

56 days 

Miliary tuberculosis of lungs. Closely studded with miliary to 
linseed-sized nodules. Bronchial lymph nodes enlarged without 
macroscopically visible nodules. Very fatty liver. No other 
changes of significance. 

5 

160 mg BCG 
subcutaneous 

Killed, 

75 days 

Lungs flecked with hardly visible spots. Microscopical accumula- 
tions of round and spindle cells, typical of tubercles. Bronchial 
nodes had no lesions. Kidneys had many typical tubercles, 
microscopic in size. 

7 

160 mg BCG 
subcutaneous 

Killed, 

75 days 

Lung flecked with discrete linseed-sized nodules. Microscopically 
like No. 5. No other lesions of significance. 

21 

160 mg BCG 
subcutaneous 

Killed, 

78 days 

In apical lobes of lungs, many linseed-sized tubercles with yellow 
centers. Many such nodule? in bronchial and mediastinal nodes. 
Microscopic findings typical of tuberculosis. Kidneys, miliary 
nodules. 

12 

20 mg BCG 
intravenous 

Killed, 

74 days 

! No lesions found. 

1 

20 mg human | 
strain of 
tubercle 
bacilli 

Killed, 

74 days 

No lesions found. 

20 " 

20 mg human 
strain of 
tubercle 
bacilli 

Died, 

60 days 

Lungs, many pea-sized caseoiis nodules and miliary tubercles. 
Arthritis of left tarsal joint. Not possible to determine which 
lesions were the result of the human bacilli and which the result 
of the bovine. 

9 

Control 

Died, 

10 days 

Bronchopneumonia and miliary tuberculosis of lungs in first 
' . stages. 

■u 

Control 

Died, 

25 days 

Massive miliary tuberculosis of the lungs. Bronchial nodes enlarged 
without tubercles. 

19 

Control 

Killed, 

74 'days' 

Flecking' of the .lungs'as in cases 5 and 7 with linseed-sized ' 'nodules, 
microscopically typical of tubercles. One kidney tubercle. 

^ 22'' 

■■ , Control 

■■Killed, 

'' 78 'days 

Lungs, ' .separated ■ miliary ' nodules, microscopically..' typical .'Of 
tuberculosis as in calf 7. 


* Table taken from' tiie article .by Lange .and ■Lydtm.,'** 
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after experimenting" for 4 years and using a.boiit 250 
calves reports that the vaccine was entirely harmless, although in most 
cases the calves reacted to the tuberenlin test subsequent to vaccina- 
tion. The calves which were vaccinated with BCG and immediately 
exposed to infection showed moderately increased rewsistaiice to tuber- 
culosis over iinvaecinated controls. Calves vaccinated with BCG and 
subsequently kept under sanitary conditions for a period in order to 
permit resistance to develop before exposure to infection, showed 80 
per cent immunity as compared to 14 per cent for the controls. He 
reported that the tuberculous lesions found in the vaccinated calves 
were in general much less pronounced as well as less numerous than 
those in unvaccinated animals. 


TABLE 2 

FuE-THEa Restjlts Obtained by Laxge anb Lydyin'* 


Calf 

No. 

Vaccmation 

Death., 
days after 
infection 

Autopsy 

13 

100 mg BCG 
subcutaneous 

Died, 

25 days 


14 

100 mg BCG 

Died, 



subcutaneous 

i 17 days 

■ Severe miliary tuberculosis of the lungs and distinct kidney 

23 

Control 

Died, 

23 days 

tubercles in all calves. 

24 

Control 

Died, 

23 days 



♦ Taken from the article by Lange and Lydtin.^s 


King and Park^^*^^ from observations on 46 calves, 45 of which were 
still living, concluded that 35 had developed tubei’cles, the point of 
vaccination at leasts as a result of the subcutaneous injection of 50 mg 
of BCG, since they became allergic within 12 weeks after vaccination, 
but 27 of 29 had lost skin hypersensitiveness by the 32nd week. In 
one of these the reaction to tuberculin became doubtful on the 42nd 
week and was negative at 72 and at 90 weeks. This animal after being 
transferred to a farm for breeding purposes contracted tuberculosis 
of the lungs and bronchial and mediastinal nodes. 

They have also concluded that 2 out of 8 calves after being fed on 
BCG showed evidence of protection, the test in one of these animals 
being the subcutaneous, injection of 5.0 mg of bovine tubercle bacilli and 
in the other of 0.1 mg intravenously. In 5 calves that had been vacci- 
nated subcutaneously and later subjected to the subcutaneous injection 
of bovine tubercle bacilli, they concluded that there was some evidence 
of immunity, since in 3 instances, the lesion ,was limited, to cold abscess 
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formation, in 1 there were tuberenloiis lesions in an adjacent lympli 
node, and in 1 no lesions were found, whereas in the controls lesions 
were found in the adjacent nodes in every ease except 1, where a cold 
abscess was present. 

In another group of 4 calves vaccinated siiheiitaneoiisly, 0.1 mg of 
bovine bacilli intravenously did not produce lesion.s, while this close, 
as well as 0.01 mg, produced lymph-node lesions in 4 control calves. 
In 2 vaccinated calves 1.0 mg of virulent bacilli produced lesions only 
in the broncho-mediastinal groups, while the same dose in 2 control 
calves produced lesions in the mesenteric nodes as well as in the 
bronchomediastinal. In a feeding infection experiment and also in 
trials with the subcutaneous injection of 0.01 to 0.10 ing of bovine 
tubercle bacilli by these writers, the results were inconclusive, since 
both the vaccinated and control animals failed on autopsy to show 
any lesions. 

Larson and Evans^^^^ have reported the completion of an experi- 
ment begun in 1926 in Illinois with 60 head of cattle under farm condi- 
tions. Some of these were vaccinated annually by the subcutaneous 
injection of 100-mg doses of BCG; others received injections of killed 
tubercle bacilli suspended in sodium ricinoleate, and a third group 
were left untreated as controls. Six months after the first vaccination 
of the experimental animals some tuberculous cattle were turned into 
a 20-acre field with them. The experimental groups were depleted in 
various ways, unrelated to the experiment, and the experiment was 
terminated in 1928, at which time the cattle were slaughtered. 

The published autopsy results were in general as follows: Of 7 
calves treated with BCG, 4 had tuberculous lesions. Of 8 calves 
treated with killed bacilli, 2 had tuberculous lesions. Of 6 control 
calves, 2 had tuberculous lesions. The writers stated that this would 
seem to indicate that the Calmette method of vaccination had no value 
whatever in cattle. 

Studies at the United States Bureau of Animal Industry Exper- 
iment Station have been reported by Schroeder and Crawford/®^^ in 
which vaccinated cattle were exposed, with an equal number of 
controls, to tubercle bacilli by intravenous and subcutaneous injec- 
tions, by feeding, and by contact with known tuberculous animals. 
In the group w^here exposure was made by feeding virulent tubercle 
bacilli, they reported more extensive lesions, as a whole, in the vacci- 
nated than in the unvaccinated. In the group infected by injection 
or natural exposure, including 9 vaccinated cattle and an equal num- 
ber of controls, it was reported that resistance to the localization and 
generalization of tuberculosis was slightly more manifest in the vae- 
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ciliated than in tlie iinvaccmated animals, but in iiO' group was there 
manifest an immunity as measured by the prevention of infection. 

A large number of reports have been published on the effect of 
BCG on small laboratory animals. These have been thoroughly re- 
viewed up to 1928 by Kraus*^‘^^^ and Lowenstein.<^'^®^ An excellent review 
of the veterinary aspects of the Calmette-Giierin method has been 
prepared by Zwick and Witte/®®^ who claim that infection experi- 
ments are of little significance in determining the practical usefulness 
of an antituberculosis vaccine unless supplemented by trials under 
commercial farm conditions. 

Such a trial has recently been reported by Brinet/''^^ who has used 
the vaccine during the past 6 years on about 300 calves in a dairy near 
Paris. The records showed that, since 1895, an annual average of 5 
or 6 carcass condemnations, partial or total, had been made by inspec- 
tors at the time of slaughter of animals marketed from this farm, 
but that since January, 1926, none have been condemned or even 
reported to be tuberculous. Among the animals marketed since that 
date are 35 vaccinated cattle, aged at least 4 years. The owner was 
quoted as stating that since the vaccine had been used in his herd, the 
profit and loss sheet had been favorably influenced. 

In a recent publication, Gerlacli^®®^ emphasizes the harmlessness of 
BCG. He reports on the completed experiments and on those still in 
progress in which 702 guinea pigs and rabbits, 29 monkeys, 381 calves, 
46 oxen, 3 dogs, and 2 cats each received 20 to 250 mg of BCG either 
by the digestive tract or by subcutaneous, intraperitoneal, intravenous, 
subdural, intracerebral, or intratestieular injection. No matter in 
what manner the BCG was given, the result was always a localized 
lesion which gradually healed. 

The findings in 10 guinea pigs and 8 rabbits 6 months after 25 mg 
of BCG were injected intraeerebrally led Geriaeh to conclude that it is 
not possible for him to recognize in BCG any infectious character for 
the central nervous system. In presenting further evidence to support 
the harmlessness of BCG, he claims that the reinociilation of cultures 
obtained from inoculated animals failed to augment the virulence and 
that after successive passages through animals, the virulence is also 
not inereased. He, therefore, considers BCG as a fixed virus. 

Geriaeh failed to find any increased pathogenicity in the dissociated 
S variant, as claimed by Petroff,^®®> and he is not prepared to recognize 
in the S colony of Petroff or any other variant a degree of virulence 
different from the entire BCG culture. These latter conclusions were 
based on the injection of variants isolated by Geriaeh and Gmeiner and 
also of variants obtained from Tzeknovitzer, Petroff, and from E. 
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Kraus. Guinea pigs and rabbits and 2 bovines inoculated in these 
experiments have failed, after 6 months, to show any apparent evidence 
of disease. 

Gerlach further reports on the field vaccination of 371 new-born 
calves ill badly, infected tuberculous environments. Thus far, no 
tuberculous lesions have been found in a number of these animals 
slaughtered for various reasons, and those still living are reported to 
be developing’ normally. 


EXPERIMENTAL METHODS AT THE CALIFORNIA STATION 

Great care has been used to follow explicitly the directions given 
by Galmettel^^^ in propagating the cnltures and preparing the vaccine. 
The precaution of using separate laboratory equipment and of trans- 
ferring the stock cultures to bile potato eveiy tenth and eleventh 
transplant has been observed. 

In the controlled experiments at Berkeley and Davis precautions 
have been taken to protect the calves from virulent infection from 
birth to vaccination and also during the interval between vaccination 
and the first intentional virulent infection. At least as many non- 
vaccinated checks as vaccinated animals have been maintamed, and in 
one of the experiments additional cheeks treated with heat-killed 
tubercle bacilli or with nonvirulent strains of acid-fast bacilli were 
used. 

In the experiments on the commercial dairy belonging to Mr. 
Williamson, only a few controls have been available, and protection 
of the calves from infection until 30 days after vaccmation has not 
been possible. 

Selection of the Calves . — The calves described in the artificial- 
infection experiments at Berkeley and Davis were of the Holstein- 
Fresian breed, either purebred or the offspring of grade cows and 
purebred bulls. They were born in the University Dairy Herd at 
Berkeley or selected from other herds free from tuberculosis as 
indicated by the tuberculin test. If selected from other tuberculosis- 
free herds, they were brought to the University Dairy at Berkeley 
'before reaching' 10 days of age and reared innn environment '.believed', 
to be free from virulent bovine tubercle bacilli. 

.[■''^■JJse^.'of 'the Tn^ertmlm, TasL— The question of' using' the tuberculin, 
test was discussed with Calmette by one of thewriters (Traiim) in 
1926. It was thought desirable that no tubereuliii tests should be made 
on either vacciaated' calves ' or, nonvaccinated'.e calves after tbej 
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liad been subjected to infection. After 2 years’ experimenting^ with- 
out the use of tuberculin on any calves, it was decided to use the test 
on the iionvaceinated control animals just previous, to subjecting them 
to iiifeetion, as an added precaution to insure their being free from 
tuberculosis. Hence, the control calves subjected to infection since 
January 1, 1928, have been in all cases tuberculin tested. Also certain 
calves 4 weeks or older were tested with tuberculin before being 
vaccinated. Results as shown in tables IB to HR fail to indicate that 
the use of the intradermie test had any effect on the experimental 
results. 

The test as used at this station consists of a single intradermie 
injection into a siibcaudal fold of 0.1 ec of United States Bureau of 
Animal Industry intradermie tuberculin, hei'eafter referred to as 
B. A. I. tiibereuiiii. This dose is reported by Dorset' to be approxi- 
inately equivalent to 25 mg of 0. T. 

Continuing the policy of Calmette and Guerin, the International 
BCG Conference of October, 1928,*^-'^ adopted the ruling : order 

not to modify the receptivity of the animals, the tuberculin test must 
not be given to any of the experimental animals, either before or 
during the course of the experiments.” The writers at the California 
station are now of the opinion, however, that it is better experimental 
procedure to test control calves at the time they are weaned, such a 
test forming a valuable cheek on the effectiveness of the methods used 
to protect all the calves from tuberculous infection during the first 5 
or 6 weeks of life. The value of the tuberculin test on calves as a check 
on the efficiency of the methods used to protect them from infection 
while being fed on pasteurized milk from tuberculous cows has been 
demonstrated in the process of eradicating tuberculosis from a dairy 
of several hundred head of cattle, according to observations by Haring 
and Traum.^^®^ 

Preparaiion of the original cultures of BOG used 

in the experiments at the California station were obtained by one of 
the writers (Traum) at the Pasteur Institute, Paris. Pour, culture 
tubes of glycerine potato, each labeled BCG 8 were received by him 
on April /, 1926, and were mailed to Berkeley, where they arrived 
on April 21, 1926. Two additional culture tubes labeled BCG 1 Y-27~ 
26 and BCG 321 Y -30—26 were received on June 16, 1926, at Paris and 
brought to New York by Traum. These were mailed from New York, 
arriving in Berkeley on July 10, 1926. Transplants from all except one 
tube grew vigorously on potato, 5 per cent glycerine broth, Sauton’s 
mediuio. and 5 per cent glycerine oXrbile potato. 
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Care lias been taken to- grow and prepare the vaccine and test it 
for patkogeniciti^ on guinea pigs in exactly the wav prescribed in 
directions received from Calmette. The stock cultures have been 
maintained in Roux tubes on potato with 5 per cent glycerine broth 
for a series of nine generations. The tenth and eleventh generations 
have been propagated on 5 per cent gbycerinated ox-bile potato and 
then replanted on potato in glycerine broth for nine generations. Old, 
fully-ripened potatoes are used, since it has been observed that media 
made from new potatoes give only a feeble growth of BCG. Saxitoii’s 
medium has been used for propagating some of the vaccine serials. A 
separate incuhator planting room and equipment have been used 
exclusively for BCG culture and vaccine preparation. The vaccine 
has been made from cultures not less than 19 days nor more than 26 
days old, except in the case of calves vaccinated in April-Jiily, 1926, 
with material taken directly from the original cultures received from 
Calmette. When ready for use, each cubic centimeter of vaccine 
contained 10 mg of BCG bacilli (weight after removal of excess 
moisture by blotting with filter paper) , suspended in a sterile diluent 
consisting of 100 parts of distilled water, 1 part of chemically pure 
glucose, and 1 part of chemically pure glycerine, as prescribed by 
Calmette. 

Method of Vaccination . — The siibcutaneoiis injections of vaccine 
into calves have been made by passing an 18-gaiige hypodermic needle 
through the skin of the dewlap in such a way that it passed close to 
the inner layers of the skin for about an inch. The point of the 
needle was held firmly against the inner surface of the skin while the 
10 ce suspension of BCG was injected to infiltrate the inner layers of 
the skin as well as the subcutaneous tissue. The purpose of the 
injection against the skin was to obtain any possible intraeutaneoiis as 
well as subcutaneous immunizing effect. 

Autopsy: 'Methods and Guinea-Pig Injections.— 'All of the cattle at 
the end of the experiment were slaughtered in small establishments 
where official inspection was maintained, except those which were 
showing terminal symptoms of tuberculosis. The latter were killed at 
a, .University '.laboratory and. the carca.sses. t'aken to a' fertilizer' works. 

The heads, hearts, lungs, divers, and ' intestines with all the. attached 
lymph nodes were removed in containers to the laboratory. The 
superficial inguinal or supermammary, the prescapuiar, and the 
precrural lymph nodes were removed from the carcass and also taken 
to the laboratory. The anal, sacral, internal iliacs, suhhimbar renal 
lymph nodes, and those on the stomach were carefully sliced and 
examined at the abattoir. In this manner all the lymph nodes and 
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organs witli the exception of the brain and some of the deeper nniin- 
portaiit lymph nodes were carefully observed. In the laboidtoiy the 
ivmph nodes were removed and each before inociilaHon into the 
guinea pigs was immersed in boiling water from 10 to 12 seconds, 
placed in sterilized pans or Petri dishes, and sectioned. In a carcass 
where lesions were very small or entireli^ absent, the nodes were cut 
with sterilized scissors into pieces not more than 3 to 4 mm in thick- 
ness, several hours being consumed in examination and in obtaining 
material from each animal for injection. The procedure of immersing 
lymph nodes in boiling water insured against the introduction of 
tiibereuloiis infection from the exterior and was far superior to searing 
with a hot spatula since all crevices and folded tissues could be more 
readily exposed to the heat, and, besides, any portion of lymph nodes 
so treated was available for inoculation. 

In carcasses where macroscopic evidence of tuberculosis was not 
present a fair and large composite sample of the lymph nodes and 
organs was injected into guinea pigs. 

The guinea pigs were usually killed between 60 and 90 days after 
inoculation except in those cases where discharging tiibercnloiis ulcers 
had developed at the point of inoculation, in which ease they were 
killed at an earlier date. 


THE EFFECTS FROM INTRAVENOUS AND SUBCUTANEOUS 
INJECTION OF VIRULENT TUBERCLE BACILLI IN 
VACCINATED AND CONTROL CALVES 

In table 3 is summarized the results following the' intravenous 
infection of 4 calves that had been vaccinated with BCG and of 4 
nonvaccinated controls, and the suhcuianeons infeetion of 2 calves that 
had been vaccinated with BCG and of 2 nonvaccinated cbntrols. 

For the infection tests, use was made of the bovine tuberculosis 
culture 271.® The surface growths from 34-day-old transplants were 
ground for 25 minntes in a mortar and suspended in physiological 

8 The Mstory of bovine tnberenlosis culture 271 is as follows: On September 
1, 1926, guinea pig 132 was injected intramuscularly with liquid obtained by 
grinding together tuberculous lesions from 17 cows killed at an abattoir in 
Berkeley. Guinea pig 132 died of generalized tuberculosis on September 19, 1926, 
and a portion of its spleen was inoculated into guinea pig 210, which died of 
generalized tuberculosis on November 5, 1926. The spleen of No. 210 was 
inoculated into guinea pig 271, which died of generalized tuberculosis on Becem- 
ber 22, 1926. Cultures of tubercle bacilli were obtained from the tissues. Those 
proved to be highly virulent for guinea pigs, rabbits, cattle, and swine. 
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saline solution so that each cubic .centimeter contained 0.4 mg of 
bacilli. From direct microscopic counts it was estimated that each 
milligram contained about 70 million bacilli. 

The 6 animals (Nos. 3, 4, 103, 104, A and B) listed in tables 3 and 
4 that were subjected to infection on January 28, 1929, constitute an 
experiment planned after reading the statements of Lowenstein^^®^ 
and of Petrotf, Branch, and Jennings.^®^^ The former had stated that 
the proper control for BGG vaccination experiments would be massive 
injections of killed tubercle bacilli. The latter investigators had 
claimed that BCG probably had little if any more immunizing power 
than killed tubercle bacilli. In the same articles, these authors 
advocated the inauguration of experiments on cattle to confirm or 
refute Calmette ^s claims. 

The infection trials on calves 1 and 2 at the California station in 
August, 1927 (table 3) had already supported Calmette’s finding that 
BCG vaccination would protect calves against the rapidly fatal effects 
of the intravenous introduction of virulent tubercle bacilli, but, on 
account of Petrotf statements, it seemed desirable to test the 
etfects of intravenous vaccination with BCG and, at the same time, 
compare it with the effects of a massive intravenous injection of killed 
tubercle bacilli. 

The heat-killed bacilli w^ere prepared from the virulent tuberculo- 
sis culture 271 by removing the surface growth from several tubes of 
Duval’s serum egg. The’ excess moisture was removed by blotting the 
mass of bacilli between sterile filter paper before it was weighed. 
Pour grams of the damp bacilli w^ere then suspended in 25 cc of 
Calmette’s diluent, placed in a sealed tube and submerged in a water 
bath at 60° C for 30 minutes. More diluent was then added so that 
each cubic centimeter contained 5.2 mg of bacilli. This suspension 
was immediately injected by way of the jugular vein, each calf 
receiving 192 cc of liquid containing, in all, about 1 gram of killed 
bacilli. No deleterious effects were observed to follow the injections 
of killed bacilli. Guinea pigs inoculated intramuscularly with 50-mg 
doses were found normal on autopsy after 5 months, while guinea pigs 
injected with one millionth of a milligram before heating developed 
generalized tuberculosis in a few weeks. In order to eliminate the 
possibility of confusing lesions produced by the BCG or killed bacilli 
with those produced by the subsequent intravenous injection of 
virulent bacilli, 2 calves, Nos. 94 and 96, were retained as noninfected 
eontrols (see footnote, table 4). 

Extensive trials by the British EOyal Commission on Tuberculosis, 
,as : reported;; 'by; ;0'Obbett,^^®^ : indicate':that,:':in, calves,"' infection' by ;'the'' 
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subciitaiieoiis route affords a very uniform and satisfactory method of 
testing the virulence of various strain>s of bovine tubercle bacilli and 
is also a delicate test of the variations in resistanee to tiiberciilosis. in 
individual animals. At the California station such a test of the 
variation in rcvsistance between 2 vaccinated and 2 control calves has 
been carried out, with results as shown for calves 5, 6, 105, and 106 in 
table 3. 


TABLE 3 


Eesijlts from IiTTEAvsasrotJS OR Subcutaneous Infection of Vaocinateb 
AND Control. Calves 
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The results from the intr a jugular injection of 2 mg of virulent 
tuberculosis culture 271 into the 2 calves that had been vaccinated by 
the intravenous injection of 1 gram of heat-killed tubercle bacilli are 
given in table 4. 


TABLE 4 

Kbsults prO'M thb Intravenous Infection of Calves Vaccinated' 'with 
Heat- Killed Tubercle Bacilli 


No. 

Born 

Intervals in days 


. 

Birth to 
vaccination 

Vaccination 
to infection 

Infection 
to autopsy 

Remarks 

A 

Aug. 30, 1928 

29 

122 

29 

Died of miliary tuberculosis. 

B 

Aug. 31, 1928 

28 

122 

30 

Died of miliary tuberculosis. 


Notk.— C alves A and B were infected at the same time and in the same way as calves 3, 4, 103, and 104 
(table 3). In addition to these controls, calf 94 vaccinated with 50 mg BCG intravenously and calf 96 
vaccinated with 1 gram of heat-killed tubercle bacilli intravenously W’ere protected from infection for 
5 months and then slaughtered. No indications of tuberculosis were f ound in them on autopsy 150 days 
after vaccination. 

The results on calves A and B, which had been vaccinated with 
heat-killed tubercle bacilli, support the findings of many investigators 
that the inoculation of dead bacilli in experimental animals yields 
little or no immunity to tuberculosis. Webb^^®^ recently reviewed this 
conti'oversy and pointed out that a large majority of those whO' have 
investigated the subject are of the opinion that use of the living bacilli 
is necessary to develop an appreciable resistance to- tuberculosis. 

Case Histories of Calves Infected Intravenously , — Following are 
the case histories of the 4 calves vaccinated with BCG which were 
infected intravenously, as shown in table 3 : 

No. 1. Steer calf, ear tag 22 (see table 3) bora oe Maxell 22, 1927, was 
vaccinated in the dewlap on March 30, 1927, with 100 mg BOG- serial 27. This 
serial was made from a 20-day growth of the ninth transplant on potato of the 
culture received from Calmette on July 10, 1926. A round, hard thickening of 
the subcutaneous tissue of the dewlap developed, which measured 35 mm in 
diameter on May 23, 1927. It became impalpable a few weeks later. On August 
17, 1927, 140 days after vaccination, this calf was injected in the right jugular 
vein with 2 mg of virulent bovine tubercle bacilli from Culture No. 271, suspended 
in 5 ec of physiological salt solution. The animal remained apparently normal and 
was in pasture with the tuberculous herd from August 17 to December 31. It 
was butchered on January 2, 1928, 138 days after intravenous infection. 

Autopsy : The general condition was good. No macroscopic lesions of tubercu- 
losis could be found, the lymph nodes, lungs, and other viscera being apparently 
normal. Stained smears from the lungs and various lymph nodes failed to show 
any acid-fast bacilli. Guinea pigs injected with suhmaxillary, atlantal, retro- 
pharyngeal, and mesenteric lymph nodes and spleen pulp failed to develop tuber- 
culosis, while guinea pigs inoculated with a mixture of gastrohepatic, bronchial 
and mediastinal, and precrural and prescapular lymph nodes developed general- 
ized tuberculosis. 
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Coininent : Tiie absence of macroscopic lesions but the presence in 
some of the apparently normal lymph nodes of virulent tubercle 
bacilli is in accordance with the publications of Calmette. 

No. 2. Steer ealf, ear tag 33 (see table 3), born on April IS, 1927, was 
vae.eiiiated in tlie dewlap on April 22, 1927, with 100 nig BOG serial 35. Tliis 
serial was made from a 23-day growth of the tenth transplant on potato of the 
culture xeeeiTed from Calmette on July 10, 1926. 

A round, hard swelling developed at the point of injection in the dewlap, 
which was 40 mm in diameter on March 21, 1928. 

On August 17, 1927, 117 days after vaccination, this calf was injected in the 
right jugular vein with 2 mg of virulent bovine tubercle bacilli from culture No. 
271 ill the same manner as ealf No. 1. The animal remained apparently normal 
and was pastured with the tuberculous herd of calves until March 2, 1928, when 
it was iilaeed in an isolated pen. At this time, two hard, round subcutaneous 
nodules, each about 20 mm in diameter, were observed on the side of the neck near 
the point of intravenous injection. On April 21, these had each increased to a 
diameter of about 40 mm. Tlie anterior of these was in the center of the jugular 
groove at the point of intravenous injection, and the posterior nodule was 60 mm 
anterior and 40 mm above the upper end of the left prescapular lymph node. On 
April 9, 1928, the posterior nodule was removed surgically and was found to be 
a thin, tough-walled abscess, containing soft, buff -colored glutinous pus which, on 
microscopic examination, was seen to consist of amorphous cell detritus. The 
macroscopic appearance of the abscess was more typical of pyogenic than of 
tuberculous infection. However, numerous acid-fast bacilli were found in smears. 
Inoculation of the pus, on April Q, 1928, resulted in generalized tuberculosis in 
3 guinea pigs and a rabbit. 

The surgical wound in the neck of the ealf healed completely by granulation, 
and only a slight scar was visible after 6 weeks. The anterior nodule on the neck 
was left undisturbed, but it did not appear to grow any after April 9. 

The calf remained m good general condition and was butchered on June 21, 
1928, 309 days after its intravenous infection. 

Autopsy: The general condition was good. A thickening was palpable through 
the skin, 50 mm above the superior end of the left preseapular lymph node. On 
section, a dirty gray homogenous connective tissue formation, somewliat resem- 
bling lymph-node tissue, was observed involving the inner layers of the skin, the 
subcutaneous tissue, and the muscle. The neoplasm measured 40 x 30 x 20 mm. 
Portions of this lesion were injected into guinea pig No. 616, which was gassed 
on August 20, 1928, and was found to be negative for tuberculosis. 

In the left jugular furrow, near the point of intravenous inoculation, was a 
round, smooth, subcutaneous abscess, 40 mm in diameter, consisting of a firm 
connective tissue wall, 5 mm thick. The pus content was viscid, yellowish-green, 
and odorless. Acid-fast bacilli were demonstrated in smears from this pus. 

In the subeutaneous tissue between the left ischial tuberosity and the anus 
was a round, smooth, hard abscess, 50 mm in diameter, similar in striieture to 
the abscess in the jugular furrow. Portions of this lesion were injected into 
guinea pig No. 619, which was gassed on July 23, 1928, and showed generalized 
tuberculosis. 

An area of chronic bronchopneumonia, 50 mm in diameter, was present in the 
posterior tip of each diaphragmatic lobe of the lung. Large numbers of lung 
worms {Dictyocaulus viviparus) were seen in the adjacent bronchial tubes. 
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A portion of the apparently normal spleen was injected into guinea pig 
No. 615, which was gassed on August 20, 1928, and found to be negative for 
tuberculosis. 

The left bronchial lymph node contained a caseous area, 5 min in diameter. 
The cut surface of the right bronchial lymph, node showed a red area, 6 mni in 
diameter. The 2 bronchial lesions and portions of the apparently normal 
mediastinal lymph nodes were injected into guinea pig No. 620, which was gassed 
on July 23, 1928, and showed generalized tuberculosis. 

In the center of the mesenteric chain of lymph nodes were 2 caseous areas, 
about 5 mm in diameter, each surrounded by a thin connective tissue wall. Acid- 
fast bacilli were abundant in smears. Portions of these mesenteric lesions were 
injected into guinea pig No. 618, wliieh was gassed on August 16, 1928, and showed 
generalized tuberculosis. Adjacent to the gastrohepatic lymph nodes was an 
abscess, 30 x 20 x 20 mm, containing inspissated pus. This pus was injected into 
guinea pig No. 617, which was gassed on August 16, 1928, and showed generalized 
tuberculosis. 

The well-marked tuberculous lesions observed in vaccinated calf 
No. 2 are similar to the cases described by Tzeknovitzer^'^h ^ 2 ) 

Third Report of the Ukrainian Commission and indicate that some 
modification of Calmette general conclusions is justified. It is 
noteworthy that tuberculous abscesses appeared in this calf about 7 
months after intravenous infection and, on autopsy 10 months after 
infection, well-marked tnberculons lesions were visible in various parts 
of the body. The location and appearance of these, together with their 
high virulence for guinea pigs and a rabbit, justified the conclusion 
that the virulent bacilli injected intravenously on August 17, 1927, 
had remained alive in the tissues and after a time had resulted in the 
production of well-marked lesions. Those on the neck probably 
resulted from a few bacilli lodged in the subcutaneous and intra- 
muscular tissue when the needle was being withdrawn from the jugular 
vein after the intravenous injection on August 17, 1927, but these 
lesions did not become palpable until March, 1928. Visible evidence 
was obtained that they were gradually increasing in size between 
March 2 and April 7. After the surgical removal of one of these, no 
increase in size was noted in the remaining nodule. 

Calf No. 2 was associated at pasture with other tuberculous, cattle 
from August 17, 1927, to March 2, 1928, and it is not certain that all 
of its tuberculous lesions were the result of intravenous infeetion. 
The caseation in the mesenteric and bronchial lymph nodes may have 
resulted either from tubercle bacilli ingested with the food or from the 
intravenous injection. The tuberculous abscesses in the ischial and 
gastrohepatic regions were unusnal in location and appearance and 
are believed to* have resiilted from the intraven injection of 
^ viMent' bacilli.' ' 'A 



328 


Hilgardiu 


[Vol. 4, No, 12 


No. 3. Steer calf, ear tag 92 (see table 3), born August 8, 1928, at Millbrae 
and brought to Berkeley September 20, was negative to intradermic tuberculin 
test given September 21, and was injected in the left jugular vein with 50 mg of 
BGG- suspended in 2.5 ee of diluent on September 28. The animal remained 
apparently normal except for irregularities in temperature, which during the 2 
weeks following the injection ranged from 102° to 105° F. Similar tiiictuations 
in temperature also occurred in noiivaeeinated control calves kept with this animal. 
The calf grew normally and on January 28, 1928, was subjected to infection by 
injection in the left jugular of 2 mg of virulent bovine tubercle bacilli from 
culture 271. The animal remained normal in general appearance until February 
19, after which time it developed a chronic cough, showed some anorexia and 
marked hyperthermia. It gradually became weaker and died on March 19, 1929. 

Autopsy: The carcass was greatly emaciated. Muscular tissues shrunken. 
Intermuscular tissue was edematous. The lungs were studded with gray-white 
nodules, varying from 3 to 12 mm in size. The lungs felt like a bag full of peas. 
In many places the diaphragmafie lobes were so thickly studded that the nodules 
were confluent, and when small chunks of these lobes were dropped into ■water, 
they immediately sank. The tips of the apical and cardiac lobes were not so 
thickly studded, there being spaces of normal tissue visible. Some of the larger 
nodules had caseous centers. The pulmonary lymph nodes were enlarged about 
five times and showed necrotic foci involving most of their tissue. There was 
considerable h;}^erplasia of the costal pleura. Other than this, the tissues were 
apparently normal, except for post-mortem changes. Acid-fast bacilli were abund- 
ant in the thoracic lesions, bht none could be found in the apparently normal 
abdominal organs. 

The chief diiferenee between the lesions in No. 3 and in other 
animals of this group which had died preTiously was as follows : 

The nonYaceinated controls and the 2 calves treated with heat- 
killed bacilli died of acute miliary tuberculosis, particularly of the 
lungs, but also involving organs in the abdominal cavity. Calf No. 3 
appeared to have died of tuberculous pneumonia, the lesions being 
confined to the thorax. The tubercles, while very numerous in the 
lungs, were not as numerous as in the nonvaccinated calves. However, 
in calf No. 3 the tubercles were 3 to 12 mm in size, while in the 
control calves and in calves A and B they were all miliary in type, 
2 to 3 mm. y 

No. 4. Steer calf, ear tag 94 (see table 3), born August 23, 1928, at Millbrae 
and brought to Berkeley September 20, was negative to intradermic tuberculin 
test given September 21 and was injected in the left jugular vein with 50 mg of 
BCG suspended in 2,5 ec of diluent on September 28, The animal remained 
axiparently normal except for slight irregularities in temperature. On January 
28, 1929, this calf received intravenously 2 mg of virulent tubercle bacilli from 
culture 271 in the same manner as calf No. 1. 

During the 3rd and 4th weeks following, the animal had a persistent eougli, 
rapid respiration, and occasionally slight discharge of blood from the nostrils. 
Its temperature showed relatively slight variations and it remained otherwise in 
apparently normal condition until slaughtered on May 18, 1929. 
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Autopsy: The carcass was well nourished. The lungs were sprinkled with 
yellow nodules 2 to 4 mm in diameter. The thoracic lymph nodes were enlarged 
three to five times and thickly studded with hard necrotic nodules. The spleen 
was studded throughout with white nodules 1 to 2 mm in diameter. The 
average distance between the nodules was about 30 inm. Acid-fast bacilli were 
demonstrated in the lesions indicated above. 

Ca^se Histories of Calves Infected Subcutaneously, — ^Following' are 
the case histories of the 4 calves which were infected siibcntaneously 
as shown in table 3 : 

No. 5. steer calf, ear tag 69 (see table 3), born on September 11, 1927, was 
vaccinated in the dewlap on September 17, 1927, with 100 mg BCG, serial No. 62. 
It was reared in an environment believed to be free from bovine tubercle bacilli 



Fig. 1. Temperatures of calves Nos. 5 (vaccinated) and 105 (control), in- 
jected subcutaneously with 50 mg of virulent tubercle bacilli, March 12, 1928. The 
dotted line indicates the temperature of the non vaccinated control. 


until March 12, 1928, One hundred and seventy-seven days after vaccination, the 
animal was injected under the skin of the neck on the left side with 50 mg of 
virulent bovine tubercle bacilli from culture No. 271. (See page 322 for description 
of this culture.) 

The animal remained apparently normal (fig. 1) except for the swelling at the 
point of injection which gradually developed and which on May 6, 1928, measured 
90 X 50 X. 35 mm. After this no increase in size was apparent (see fig. 4, p. 386 ). 
The calf was killed on July 10, 1928, 120 days after infection, in order to com- 
pare the autopsy findings with control animal 105. 

Autopsy: The general condition was good. At the point of inoculation of 
the virulent bacilli was a nodule 70 x 35 x 20 mm, occupying subcutaneous tissue 
only and containing creamy tenacious pus. Adjacent and located 10 cm apart 
between the superficial neck muscles, were two abscesses well encapsulated, 
20 X 10 mm, containing greenish-yellow granular pus. Nearby was an abscess 
similar in character measuring 10 x 10 mm. 

A 120-mm linear abscess within the neck muscle tissue extended from the 
point of injection to another subcutaneous nodule, which was irregular in shape, 
and about 50 x 50 mm. The wall of this linear abscess was 30 mm thick. 
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The left prescapiilar lynipli node was slightly enlarged and studded tlirouglioiit 
with easeated (mostly soft) areas, varying in diameter from 3 to 10 inm. In the 
left bronchial lymph node w^as a necrotic point 0.5 mm in size. In the anterior 
mediastinal lymph node were two 2-mm nodules. A microscopic examination 
showed numerous acid-fast organisms in the abscesses in the neck. An occasional 
acid-fast organism was seen in smears from the left preseapular lymph node. 
Guinea pigs were injected as follows: 


Source of material 

Guinea 
pig No. 

Date 

killed 

1928 

Results 

Head and mesenteric nodes.... 

667 

Sept. 8 

Negative 

Lung and thoracic node.s 

668 

Aug. IS 

Moderate tuberculosis 

Muscle at point of injection ' 

669 

Aug. 13 

Generalized tuberculosis 
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Fig. 2. Temperatures of calves Nos. 6 (vaccinated) and 106 (control), in- 
jected subcutaneously with 50 mg virulent tubercle bacilli, March 12, 1928. 
The clotted line indicates the temperature of the nonvaccinated control. 


No. 6. Steer calf, ear tag 75 (see table 3), born on December 19, 1927, was 
vaccuiated in the dewlap on December 22, 1927, with 100 mg BOG. It was reared 
in an environment believed to be free from virulent tubercle bacilli until March 
12, 1928, 81 days after vaccination, when it was injected subcutaneously in the left 
side of the neck with 50 mg of virulent tubercle bacilli from culture No. 271* The 
animal remained apparently normal except for a subcutaneous swelling at the 
point of injection, which measured 90x50 x35 mm on May 6, 1928. (See fig. 5.) 
The temperature remained fairly normal (fig. 2).' Slaughtered on May 21, 1928, 
70 days after infection, for the purpose of comparing with steers 105 and 106. 

Autopsy: The general condition was good. In the subcutaneous tissue of the 
neck, at the point where virulent tubercle bacilli had been injected, was a fiat, thin- 
walled abscess, 100 x 50 X 35 mm, containing soft, creamy pus. Smears showed an 
occasional acid-fast bacillus. The adjacent prescapular lymph node was slightly 
enlarged (size 100 x 35 x 35 mm) and its cut surface was studded with calcareo- 
caseous nodules, 1 to 5 nmi in diameter. Several nodules each about 2 mm in 
diameter were found in the parenchyma of the spleen, and guinea pig No. 607 was 
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inoculated with some of these nodules. It was gassed on July 12, 1928, and 
found to have generalized tuberculosis. 

The lymph nodes, other than the left prescapular, were apparently normal 
throughout the viscera and body. Bronchial and mediastinal lymph nodes ■were 
injected into guinea pig No. 606. It was gassed on July 12, 1928, and showed 
generalized tuberculosis. Portions of the apparently normal mesenteric lymph 
nodes were injected into guinea pig No. 604, and the lung tissue into No. 605. 
They were gassed on July 17, 1928, and both found free from tuberculosis. 

No. 105. Steer calf, ear tag 191 (see table 3), born on December 9, 1927, 
was reared on an environment believed to have been free from virulent bovine 
tubercle bacilli. It was negative to an intradermie test with 0.2 ce B. A. I. 
tuberculin on March 1, 1928. It was used as a nonvaeeinated control for steers 
5 and 6, by the subcutaneous injection, on March 12, 1928, of 50 mg of virulent 
bovine tubercle bacilli from culture No. 271, The animal developed a sw^elling at 
the point of injection, which rapidly increased in size until May 6, 1928, at 
which time it measured 160 x 120 x 70 mm, and the adjacent prescapular lymph 
node was 230 x 130 x 120 mm (see fig. 6). After this date these swelling increased 
slowly. On April 20, the aniinaPs temperature rose to 104° P and fluctuated 
between 104° and 106° P for a week, after -wduch it gradually returned to normal 
by May 6 (fig. 1). 

The animal was depressed in appetite and activity during the period of high 
temperature. About May 1, the abscess in the side of the neck ruptured through 
the skin and continued to discharge until date of slaughter. The animal appeared 
to be in such an advanced stage of tuberculosis that it was decided to slaughter 
it on May 19, 1928, 68 days after infection. 

Autopsy: The general condition was fair, except for the massive lesions on the 
left side of the neck. The abscess at the point of injection consisted of a mass of 
caseoealeareous tuberculous tissue, 200 x 190 x 80 mm, in the center of which was 
a spot of soft, putrid, caseous liquefaction, 50 x 40 x 40 mm. An edematous 
mass of loose connective tissue surrounded the left prescapular lymph node. 
Including the node, it measured 230x130 x120 mm. The lymph node itself was 
enlarged and changed into a tuberculous mass, 190 x 110 x 110 nun, in the center 
of which was a spot of soft, caseous liquefaction, 40 mm in diameter. 

Tlie lungs, liver, and spleen were studded throughout Avith grey nodules, 
ranging from 2 to 10 mm in diameter. The distance between the tubercles in the 
lung ranged from 5 to 20 mm. Eighty-one such nodules were observed on the 
diaphragmatic surface of the liver, which illustrates about the density of those 
throughout the liver and spleen. 

The thoracic, axillary, i)eetoral, and left radiohumeral lymph nodes were 
enlarged several times and their cut surfaces were thickly studded with caseocal- 
careous nodules. Each of the cervical and gastrohepatic lymph nodes contained 
several caseous nodules, and a caseous nodule was found in one of the lymph 
nodes of the mesenteric chain. 

A number of pendulous nodules, ranging from. 5 to 10 mm in diameter, were 
observed bn the omentum, and serous surfaces of the mesentery and intestines. 
Some of these nodules had caseous centers. Acid-fast bacilli were demonstrated 
in smears from various lesions, inciuding the lungs, kidney, and the one mesenterie 
node' mentioned. 

No. 106 Steer calf, ear tag 193 (see table 3), born on December 23, 1927, was 
reared in an environment believed to have been free from virulent bovine tubercle 



332 


HUgardia 


[Vol 4, No. 12 


baeilii. It was negative to an iiitraclermic test with 0.2 cc B. A. I. tuberculin on 
March 1, 1928. It was ixsecl as a nonvaecinated control for steers 5 and 6 on 
March 12, 1928, by the snbcntaneons injection of 50 mg of virulent bovine 
tubercle bacilli from culture No. 271. 

The animal developed a swellmg at the pomt of injection in the left side of 
the neck, which rapidly increased in size until May 6, 1928, at which time it 
measured 180 x 120 x 80 nun, and the adjacent prescapular lymph node was 
200 X 100 X 100 mm (see fig. 7). After that date, these swellings increased 
slowly. On April 20 the animal's temperature rose to 104.0° F and ductuated 
between 104.0° and 107.6° F for 10 days, after which it gradually returned to 
normal, which it reached by May 6 (fig. 2). It was depressed in appetite and 
activity during the period of high temperature. The animal developed such an 
advanced stage of tuberculosis that it was killed on May 22, 1928. 

Autopsy: The general condition was fair. In the subcutaneous tissue of the 
neck, at the point where virulent tubercle bacilli had been injected, was a solid 
caseoealeareous mass, 185 x 150 x 90 mm. The adjacent prescapular lymph node 
apparently measured 210 x 110 x 100 mm, but when cut across, it was noted to 
be 100 X 70 X 70 mm, and the balance of the swelling was edematous connective 
tissue. The cut surface of the lymph node was caseoealeareous and firm. 

The liver, lungs, and spleen were studded throughout with white and pinkish- 
white nodules, ranging from 1 to 5 mm in diameter. Two hundred and fifty such 
nodules were visible on the diaphragmatic surface of the liver. Acid-fast bacilli 
were abundant in the neck lesion and liver lesions. Five pendulous nodules, each 
5 mm in diameter, were observed on the surface of the right costal pleura. 

Tlie omentum and mesentery were studded with pendulous pinkish-white 
nodules, about 5 mm in diameter. It was estimated that there was one for each 
square decimeter of surface. The bronchial, mediastinal, and gastrohepatie groups 
of lymph nodes were enlarged five to ten times and their cut surfaces were 
thickly studded with caseous nodules, 1 to 3 mni in diameter. The following 
groups of lymph nodes were slightly enlarged and each node contained one to 
seven caseous nodules, from 1 to 3 inm in diameter: the vsubmaxillary, atlantal, 
retropharyngeal, left axillary, left scapulohumeral, and both preorurals. Smears 
from the retropharyngeal lymph nodes showed acid-fast bacilli. About one-third 
of the nodes of the mesenteric chain showed on their cut surfaces 2 to 5 caseous 
nodules ranging from 1 to 5 mm in diameter. 

Some of the spleen nodules were injected into guinea pig No. 608, wHeh was 
gassed on July 12, 1928 and showed generalized tuberculosis. 

In tbe 4 calves (Nos. 5, 6, 105 and 106) that were infected sub- 
cutaneously it was noted that the most rapid development of the 
local lesions occurred during the first 3 weeks following the suh- 
eutaneous infection and that during this time hyperthermia and 
anorexia occurred in the controls. The controls showed a distinctly 
greater susceptibility as evidenced by the temperatures shown in fig- 
ures 1 and 2, the general symptoms of the animals, and particularly 
the tuberculous lesions found on autopsy. It is believed that the 2 
controls would have died of tuberculosis in a few days if they had not 
been slaughtered for humane rea^m. On the other hand, the lesions 
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in the 2 vaccinated calves were sO' limited in extent that it appears 
probable that they would have lived indefinitely, 

DiscAis'sion of the Besiilts of Intravenous and SuhcMtaneons Infec- 
tion as Shown in Tables 3 and 4. — The relatively high virulence of 
test culture No. 271 for cattle was demonstrated by the death from 
miliary tuberculosis of the 4 nonvaccinated control calves and the 2 
calves treated with killed tubercle bacilli in 20 to 32 days, after 
intravenous infection with a 2-mg dose. The appearance of the tissues 
of these calves were all about the same. The lungs of each were filled 
with grey nodules 1 to 4 mm in size and there was a sprinkling of 
vsimilar nodules throughout the liver and kidneys. Acid-fast bacilli 
were demonstrated in smears and in sections and the macroscopic and 
microscopic findings were typical of acute miliary tuberculosis. There 
was no distinguishable difference between the lesions of the nonvac- 
cinated controls and those which had received the heat-killed tubercle 
bacilli. 

On account of need for brevity a detailed description and history 
of the control calves infected intravenously has been omitted from 
this paper. 

The fact that the 2 calves (Nos‘ 1 and 2) which had been vacci- 
nated in the dewlap lived on for several months after intravenous 
infection without showing any outward evidence of tuberculosis, while 
the 2 controls (Nos. 101 and 102) died of miliary tuberculosis in 20 
and 22 days respectively is in accordance with the results of experi- 
ments by Calmette and Guerin.^^^^ Also, the fact that calves (Nos. 
3 and 4) that had been vaccinated intravenously with BCG both 
showed clinical symptoms within a month after infection supports the 
claims of Calmette that subcutaneous vaccination with BCG is more 
effective than intravenous vaccination in creating resistance to 
tubereulosis. 

The lesions found at autopsies of Nos. 3 and 4 indicated that these 
calves were more resistant than the controls, and the fact that they 
lived long'er than the controls would also show that some resistance 
had been produced by the BCG vaccine. 

The, injuriotis effect of the virulent bacilli on the controls Nos. 105 
and 106 contrasted with the distinctly less marked pathologic effect 
on 2 vaccinated calves Nos. 5 and 6, indicates that the BCG had 
conferred i‘esistaiice to subcutaneous infection. This experiment 
acquires added significance when compared with the results obtained 
in the calves infected in other ways, as described later in this paper. 

Cobbett^-®^ summarized the data of the Biitish Royal Commission 
and the German Gesundheitsamt and called attention to the marked 
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differences in tlie power to resist tiibercnlons infection wliicli occur in 
indiTidiial calves, showing that such differences play a more impor- 
tant part when virulent bacilli in doses of moderate size (10 mg) are 
injected subcutaneously than wdien larger doses (50 mg) are given in 
the same manner. According to Cobbett the workers in the German 
Gesuiidheitsiamt noted variations in susceptibility to tuberculosis 
among calves, and they recommend that when but a single calf is 
used in typing a strain and unexpected results are obtained, the 
experiment should be repeated on another calf. 


THE EFFECTS OP FEEDING TUBEECULOUS TISSUES AND 
MILK TO VACCINATED AND CONTROL CALVES 

After w^eighing carefully the arguments for and against natural 
and artificial infection in an effort to determine the protective efficiency 
of the BCG culture, it was decided that much more can be learned 
from artificial feeding infection with tuberculous tissues than by the 
somewhat haphazard exposure to infected cattle or environs, and since 
the vaccination trials in the Williamson herd involved natural infec- 
tion, efforts at Berkeley and Davis were concentrated on artificial 
inf ection with tuberculous material. 

Fifty vaccinated calves and an equal number of unvaccinated 
controls have been subjected to infection by feeding tuberculous 
material The tissues were ground in a meat-grinding machine, 
thoroughly mixed with milk, and except that fed to animals in table 
6, was strained through several layers of cheese cloth. Each dose was 
fed separately to each calf in the manner described in the footnotes 
to the tables. Animals listed in table 6 were given the ground, 
iinstramed tuberculous tissue in milk. 

The tissues were obtained from cattle condemned at an abattoir 
or from guinea pigs and rabbits inoculated with bovine tuber culou^s 
materials. In addition, 4 vaccinated calves and 4 controls were fed 
on milk from the tuberculous udders of cows No. 600 or No. 2171 
■(see'figs., 9' and, 10). ' 

The sources of the tuberculous tissue, the respective amounts fed 
each of the 100 calves, and the results of the microscopic and biologic 
cqhtrol tests on each feeding are given in table 5. 

Before giving the first infecting feeding, the vaccinated calves and 
the nonvaceinated controls, which had been reared together at the 
dairy in Berkeley in an environment protected as much as possible 
from virulent tubercle bacilli, were transferred to an isolated bam 
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TABLE 5 

SO'URCEIS A,ND' AMOUNT'S- OF TtJBEKFITLO'SIS TlS-SUES AND' BACILLI USEiF TO' InfECT 

Calves by Eeebing 


Label 
num- 
bers of 
calves 
fed 

Date 

collected 

Description of material 

Date 

fed 

Dose fed each calf 

Guinea-pig 

control 

Grams 

. 

tissue* 

Estimated 
acid-fast 
bacilli t 

tissue in- 
jectedj 

Re- 

sult 


1926 


1926 






Sept. 1 

Portions of tuberculous lymph nodes, 








lungs, and livers of 17 cattle, con- 








demned at an abattoir 

Sept. 2 

80 

§ 

§ 

+ 

7-10, 

Sept. 2 

Tissues from a guinea pig injected 






and 


u ith bovine lesions 

Sept. 6 

6 

§ 

§ 

+ 

107-110 









Sept. 2G 

Tissues from guinea pigs injected witl 








bovine lesions 

Sept. 27 

4 

§ 

§ 

+ 


Oct. 23 

Active tubercles from the pleura, 








spleen, and omentum of a cow 

Oct. 25 

37 

§ 

500.0 

+ 

7-10, 








107-110, 

Nov. 26 

Caseous pus from tuberculous cattle 

Nov. 27 

80 

§ 

250.0 

+ 

C, A E, 


tissues condemned at an abattoir 

Nov. 29 

80 

§ 

25.0 

+ 

and F 


,, 







1927 


1927 






Aug. 12 

Tuberculous tissue from the lungs, 








costal pleura and lymph nodes of 2 

Aug. 13 

10 

500,000 

50.0 

+ 



aged cows and one 7-month calf... 

Aug. 15 

10 

500,000 

50.0 

+ 


Aug. 16 

Tuberculous tissue from the lungs, 

Aug. 17 

2 

690,000 




costal pleura, and lymph node.s of an 

Aug. 19 

2 

690,000 

0.6 .. 

+ 

11-44 


aged cow 1 

Aug. 22 

2 

690.000 

1.25 

+ 

111-144 



Aug. 23 

2 

690,000 

1.0 



A\ig. 26 

Tuberculous tis.sue from 2 rabbits and 








2 guinea pigs - 

Aug. 27 

2 

1,320,000 

1.0 

-h 


Sept. 1 

Tissues from lungs and lymph nodes 








of a range steer 

Sept. 2 

2 

850,000 

1.0 

+ 


"vSept. 7 

Lung of calf No. 101, which died of 

Sept. 8 

0.5 

1,890,000 

0.5 

4- 



miliary tuberculosis (see table 3) 

Sept, 9 

0.5 

1,890,000 

0.5 

4" 


Sept. 10 

Lymph node tissue, calf No, 101 

Sept. 11 

2 

960,000 

2.0 

+ 




Sept. 12 

2 

960,000 

2.0 

'4“ 

30-44 

Sept. 13 

Lung of calf No, 102, died of miliary 

Sept. 14 

5 

1,950,000 

50 

+ 

and 


tuberculosis, (see table 3).... 

Sept. 16 

5 

1,950,000 

5.0 

4" 

130444 








Sept. 13; 

Lung and lymph nodes, calf No. 102..., 

, Sept- 18 

0.3 

2,000,000 

0.3 

;~b'' 




Sept. 19 

0.3 

2,000,000 

0.3 

+ ■ 


# 
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Table 5 — {Continued) 


Label 
num- 
bers of 
calves 
fed 

Date 

collected 

Description of material 

Date 

fed 

Dose fed each calf 

Guinea-pig 

control 

Grams 

, 

tissue* 

1 Estimated 
acid-fast 
bacilli t 

Mg 

tissue in- 
jectedt 

Re- 

sult 


Sept. 23 

TubercuioiLs \iscera from guinea pigs 








that had been inoculated with the 

Sept. 24 

1.0 

2,040,000 

1.0 

+ 




Sept. 28 

0.5 

1,020,000 

0.5 

4- 




Sept. 29 

0.6 

5,850,000 

0.2 

+ 




Sept. 30 

0.5 

5,850,000 

1.0 

+ 

30-44 



Oct. 1 

0.5 

5,850,000 

1.0 

-b 

and 

Sept, 28 

Caseous material from tuberculous 

Oct. 2 

0.6 

5,850,000 

0.1 

d* 

130-144 


lesions in the lungs and lymph nodes 

Oct. 3 

0.5 

5,850,000 

0,2 

+ 

{Cant.) 


of an aged cow 

Oct. 4 

0.5 

5,850,000 

0.1 

+ 




Oct. 5 

1.11 

12,980,000 

5,5 

+ 




Oct. 6 

1.11 

12,980,000 

5,5 

+ 




Oct. 7 

1.11 

12,980,000 

0,5 

+ 




Oct. 8 

1.11 

12,980,000 

0.005 

+ 


Oct. 10 

1 

Tuberculous vLscera of 14 guinea pigs 


I 






inoculated from feedings, Sept. 2-8,' 

Oct. 11 

1.11 

12,980,000 

0.1 




this table 

Oct. 12 

i.n 

12,980,000 

2.0 

1 + 


Oct. 13 

Tuberculous viscera of 8 guinea pigs 

I Oct. 14 

1.8 

45,000,000 

1 1.8 

+ 



inoculated w ith bovine lesions 

Oct. 15 

1.8 

45,000,000 

0.9 

+ 


Oct. 15 

Tuberculous viscera of 16 guinea pigs 








inoculated with feedings, Sept. 9-14, 

Oct. 16 

4.8 

67,500,000 

0.24 

d” 

40-44 


this table 

Oct. 17 

4.8 

67,500,000 

0,24 

d- 

140-144 

Oct. IS 

Tuberculous viscera of 21 guinea pigs 








inoculated with feedings, Sept. 14-19, 




0.000034 




this table 

Oct, 19 

6.8 

73,100,000 

0.0034 

-f 


Oct. 19 

Viscera of 3 guinea pigs and 1 rabbit 








which had died of tuberc\iloais after 








injection with bovine lesions 

Oct. 20 

11.0 

3,600,000,000 

0.000005 

+ , 


1928 ' 


1928 





, 49-54 ' 

July 6 

Caseous and cellular tissue from tu- 






'' .and 


berculous lesions in the lungs and 






'149-154 


thoracic lymph nodes of 2 cows con- 








demned at an abattoir. ....! 

July 7 

42.0 

210,000,000 

0.00001 

d- 

55-59" 

July 6 

Caseous and cellular tissue from tu- 






■ ' 'and ' 


berculous lesions in the lungs and 

July 7 

14.0 

70,000,000 

1.0 

+ ' 

155-159 


thoracic lymph nodes of 2 cows con- 

July 9 

14.0 

70,000,000 

1.0 

d- 



demned at an abattoir 

July H 

14.0 

70,000,000 

0.00001 

+ 
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Table 5 — {Concluded) 


Label 

num- 

Date 



Dose fed each calf 

Guinea-pig 

control 

bers of 
calves 
fed 

collected 

Description of material 

Date 

fed 

Grams 

of 

tissue* 

Estimated 

acid-fast 

bacilli t 

Mg 

tissue in- 
jectedj 

• Re- 
sult 

60 and 

Aug. 8 

Caseous and cellular material from tu- 
berculous lesions in the costal pleura 
or in the lungs and lymph nodes of a 
steer, a cow, and 2 calves condemned 

Aug. 10 

60 

1,572,000,000 

0.00006 

+ 

160 


at an abattoir 

Aug. 12 

60 

1,572,000,000 

0.3 

+ 


Aug. 13 

Tuberculous lesions from 11 guinea 
pigs inoculated with bovine lesions.... 

Aug. 14 

30 

107,000,000 

0.00001 

1 

+ 

i 


* This represents the weight of tuberculous tissue after grinding but before straining through several 
thicknesses of cheese cloth. The actual amount of original tissue in each dose is less than one-third of 
this weight, 

t Made by suspending 10 or 20 grams of thoroughly ground and mixed tuberculous tissue in a meas- 
ured quantity of physiological sodium-chloride solution; then estimating according to the technique for 
the direct microscopic counting of bacteria in milk.^ The estimate was only comparative. The number 
of organisms consumed w’as far greater than indicated in this column, since the character of the tissue 
and f;he method of estimating did not lend themselves to more definite determination of number of 
organisms. 

t The inoculum for the guinea pig was a portion of the ground and strained tuberculous materials 
suspended in milk as fed to the calves and the w'eight is given in terms of ground but unstrained material. 

§ In the feedings indicated by this mark (§), acid-fast bacilli were abundant, but no attempt was 
made to estimate the number of bacilli or the milligrams of tissue injected into control guinea pigs. 

and corrals at Berkeley or to a farm at Da, vis where no other cattle 
had been kept for several years. 

Calmette^^^t has stated that large, freqnently-repeated doses of 
tubercle bacilli given by the mouth will produce pronounced lesions in 
calves, but, if only one dose is given and the animal is then protected 
from infection for a time, only slight lesions are produced which render 
the animal resistant to further infection. 

In order to avoid as far as possible this supposed immunizing 
effect induced by feeding small doses of tubercle bacilli at long intervals, 
the feeding experiments at the California station have been with large 
doses at frequent intervals. 

An attempt was also made to determine if the prolonged feeding of 
large doses would produce more extensive lesions than a few feedings. 
The significance of this attempt will be evident by comparing the 
graphic symbols for tuberculous lesions in the nonvaccinated control 
animals listed in table 6. Controls 107-110 received 7 infecting feed- 
ings, the dates being September 2, 6, 27, and 29, October 25, and 
November 27 and 29, while controls C and D received only the feed- 
ings on the last 2 dates. The results in these 2 calves alone are 
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iiiconelusive but are significant when added to the data from the 34 
control calves in tables IB^ and 9B, 

Discmsion of the Results of Brelimincmj Infecting Feedings, as 
Given in Tahle 6. — The data in this table may be summarized by 
stating that 7 feedings produced lesions as follows : 

1. In 4 calves vaccinated with BCG, 1 extensive, 2 slight, and 1 no- 
lesion case, 

2. In 4 nonvaccinated calves, 4 extensive-lesion cases. 

In addition, 3 of the 4 control calves (C, D, E, and F) that received 
only the. 2 last feedings on November 27 and 29 showed vei'y extensive 
lesions. The fourth showed well-marked lesions in the cervicals. 

The difference between the lesions in the vaccinated and the control 
calves listed in table 6 was not distinct enough in the writers^ opinion 
to justify a definite conclusion regarding the existence, of a protective 
effect from the BCG vaccination. If present, it evidently was not 
sufficient to prevent the penetration of virulent bacilli into the cervical 
or mesenteric lymph nodes and the production of caseous lesions in 
2 out of 4 of the vaccinated calves. However, it was decided that 
further trials by this method of feeding infection might yield more 
definite information regarding any resistance to tuberculosis which 
might result from the use of BCG given subcutaneously. Accordingly 
feeding infection trials were carried out as indicated in tables 7-9. 

Discussion of the Results of Ten Infecting Feedings, as Given in 
Tables 7A and 7B. — -From an inspection of table 7 A, it will be seen 
that all the calves which were infected within 25 days after the first 
vaccination showed well-marked or widely distributed lesions, or both, 
while in all the other vaccinated calves the lesions were either absent 
or limited to the cervical and mesenteric or colic regions. Therefore, 
for purposes of brevity in discussion, the calves in table 7/1 will be 
grouped as follows : 

1. Calves 11-24 were aged 41 to 407 days at time of first feeding 
infection, which was given 35 to 320 days after the first vaccination. 
Of the 14 animals in this group, 5 were found to be apparently normal 
throughout, 6 showed slight, and 3 showed well-mai’ked caseation or 
casebcaleifieation of certain lymph nodes draining the intestinal or 
pharyngeal regions. All of the carcasses would have been considered 
as suitable for food under federal meat-inspection regulation. Calf 
No. 25 died of intercuiTent disease too soon after infection to justify 
:;eonsideration.t,''';\"' 

2. Calves 26-29 were aged 4 to 33 days at time of first feeding 
infection, which was given from 2 days before to 24 days after vac- 
cination. Three of these had well-marked and widely distributed 
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adiTiinistered in a long-necked bottle. 
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Besults from Thirty I’mEDiNGS* of Thbercuwius Tissues to ©ahves Yaocinated iisr the Dewlap with 100 Mg BCG 

(For controls, see table 8JB) 

Feeding dates: August 13 to September 9 as in tables lA and IB and also September 10, 12, 14, 16, 18, 19, 24, 28, 29, 30, and 

October 1-8, 11, and 12, 1927 
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* The infecting dose as d^jribed in table 5 was placed in a bucket and was voluntarily consumed by the calves, 
t Tuberculous li^on symbols: / slight, \ well marked, X extensive. For further description see footnote, table 6. 
t Does not include smears from the dewlap lesions. 

§ Figures in parentheses indicate the days to or from second vaccination. 
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Ebsiilts ssom Thirty Ehedings^ of Tuberculous Tissue in Control Calves Not Vaccinateu 

FeediBg- dates: August 13 to October 12, 1927, as in table 8 A 
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nodule. (See figs. 13 axid 14 .) 

139 June 12 62 331 X _ / X X Many 4- Posterior mediastinal had a 4-inm caseocalcareous nodule. The colic and ileocecal 

nodes, and nodes in lower two-thirds of mesenteric chain were nearly all easeo- 
calcareous. Both retropharyngeal nodes were enlarged and caseocaleareons. 



Results prom Thirty-Six Feesoings* op TuBmouxous Tissue to Calves Taccinateid in the Dewlap with 100 Mg BCG 

(For controls, see table 9jB) 

Feeding- dates:* August 13 to October 12, 1927, as in tables 8A and 8B, and also October 14, 15, 16, 17, 19, and 22, 1927 
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* The infecting dose as described in table S was placed in a bucket and was voluntarily consumed by the calves, 
t Figures in parcnthes^ indicate the days to or from second vaccination, 
t This column does not include smem^ from dewlap lesions. 

§ Tuberculous lesion symbols: / slight ,\ well marked, X extensive. For further description see footnote, table 6. 



Ebsults BaoM Thirty-Six Pebdin-gs* or Tuberculous Tissue to Oontrol Calves, Not Vaccihateo 

Feeding dates:: August 13 to October 12, 1927, as in tables 8^ and 8E, and also October 14, 15, 16, 17, 19, and 22, 1927 
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* The infecting d(ffie as described in table 5 was placed in a bucket and was voluntarily consumed by the calves, 
t Tuberculous lesion synabolsj / sligfatj^ well marked, X extensive. For further description see footnote, table 6. 



348 


Kilgardia 


[Vol. 4 No. 12 


caseous or easeocalcareous lesions and the other calf had slight, but 
widely distributed lymph-node lesions. A literal and strict interpreta- 
tion of the federal meat-inspection regulations would have resulted in 
the condemnation of all 4 carcasses. 

Calves 11 to 24 differed from Nos. 26 to 29 in two respects, i.e., in 
the length of time after vaccination that they were infected and in 
their ages, the latter group being younger. A comparison of tables 
7x4 and IB shows that age was probably not a significant factor since 
well-marked or extensive lesions occurred in the nonvaecinated calves 
infected at ages from 6 to 199 days. The comparison also shows that, 
in general, the tnherculous lesions were more extensive in the control 
than in the vaccinated calves. It would seem, therefore, that the 
subcutaneous injection of BCG resulted, after 4 or 5 weeks, in the 
development of a certain resistance to tuberculosis. However, it was 
definitely shovm that this resistance was not usually sufficient to 
prevent the penetration of the tissues of the alimentary tract . by 
virulent tubercle bacilli and the production of caseous lesions in the 
mesenteric or cervical lymph nodes. 

Discussion of the Results of Thirty Infecting Feedings^ as Given 
in Tables 8A and 8B , — It will be noted from the table 8A that 9 of the 
10 vaccinated calves had caseous or easeocalcareous lesions. In all but 
1 of these, the visible tissue involvement was confined to the lymph 
nodes draining the pharyngeal or intestinal tracts. The exception 
was No. 32, in which was found a single tuberculous caseous nodule in 
the spleen, as well as 32 small easeocalcareous areas scattered through 
the lymph nodes draining the intestines. All 10 of the controls had 
well-marked or extensive caseous or easeocalcareous tuberculous lesions 
in 2 or more groups of lymph nodes. 

On comparing the lesions in the vaccinated calves with their 
respective controls killed on the same date, it was ohserved that in 
one instance the lesions in the vaccinated calf (No. 36) were more 
widely distributed than in its control (No. 136) but not so extensive. 
The tissue involvment in calves 32 and 35 was about equal to that 
involved in their con^ and 135. In the other 7 vaccinated 

calves, the lesions involved less tissue than in their respective controls. 
The results in tabks SA^^ a the observations outlined in 

tables 7A and 7B, in that it is definitely shown that the vaccination 
with BGG did not prevent the penetration of the tissues of the alimen- 
tary tract by virulent tubercle bacilli and the production of caseous 
and easeocalcareous lesions in the adjacent lymph nodes. In general, 
however, the tuberculous lesions were more extensive in the control 
than in the vaccinated calves. 
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Discussion of the Resnlts of Thirty-six Infecting Feedings^ as 
Given in TaMes 9 A and 9B . — The 10 animals in this group had 
received 30 infecting feedings with the 20 calves listed in tahles 8 A 
and 8B^ and it was decided to note what would result from the feeding 
of 6 more very massive doses of bovine tuberculosis lesions suspended 
in milk. On completing the autopsies, it was noted that, in general, no 
very marked differences existed, either in the extent or distribution 
of the lesions, which could be attributed to the additional infecting 
feedings. 

All of the vaccinated calves showed widely distributed caseous or 
caseoealcareous tuberculous lesions in the lymph nodes. These 
lesions were small, ranging from a pin point to 10 mm. One retro- 
pharyngeal lesion, 35 mm in diameter, was found in calf 41, and small 
tuberculous lesions were also demonstrated in Peyer’s patches of 
calf 42. 

All of the control calves had widely distributed w^ell-marked or 
extensive caseous or caseoealcareous tuberculous lesions of the lymph 
nodes. Pulmonary and hepatic tuberculosis existed in calf 141 and 
Payer’s patch tuberculosis in calf 142. 

In general, the extent of the lesions in the vaccinated animals was 
less than in the controls and these findings substantiated the similar 
observations in the previous infection trials at this Station. 

A comparison of the lesions in the calves which were revaceinated 
at about the beginning of the infecting feeding (Nos. 15, 20, 41, and 
42) with the autopsy findings in other vaccinated calves revealed no 
significant difference. Therefore it would appear that the subcutan- 
eous revaecination of calves during a time when they are exposed to 
infection will probably not result in any appreciable difference in their 
lesions. 

It should be noted that calf 44, at 9 days of age, was vaccinated 
for the first and only time on the day after starting the infecting 
feedings. This calf was unthrifty and was slaughtered when 224 days 
of age or 215 days after the first infecting feeding. The animal was 
emaciated and its musculature was edematous. In spite of this, the 
only tuberculous lesions found were slight caseations of the cervical 
and abdominal lymph nodes. A guinea pig inoculated from portions 
of these lesions developed tuberculosis. Another guinea pig inoculated 
from portions of other tissues remained normal. 

Discussion of the Besnlts of Feeding Milk from Tuberculous 
M'ddersfas.Givenin Tahles lOA and lOB—TM 4: calves, Nos. 45, 46, 
145^ and 146, receded feedings daily for 63 days from the tuberculous 
udder of cow No. 600 (see fig. 9) . This cow was miiked t^^ 
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* The feedings were either by direct nursing of cow^ or else by pail feeding. 

t Tuberculous lesion symbols: / BHgbt,\ well marked, X extensive. For further d^cription see footnote, table 6. 
X Does not include smears from the dewlap I^ons. 
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tuberculosis at 179 days of age. Generalized pul- 
monary and lymphatic tuberculosis. Le.^^ions 
were caseoealcareous. 
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aacl tlie mixed secretion from all 4 teats was given to the 4 calves. 
An effort was made to give each calf approximately the same amount 
of milk. Acid-fast bacilli were demonstrated in smears from the left 
front quarter of the udder of cow No. 600 on several occasions, and, on 
autopsy, the parenchyma of the right rear and left front quarters was 
found to contain massive tuberculoiis lesions. This cow also had 
extensive pulmonary tuberculosis, and the calves were confined in an 
adjacent i 3 en where she could reach over and lick them. In spite of 
the obviously massive infection to which the 4 calves were thus ex- 
posed, none of them showed lesions on autopsy which were extensive 
according to the classification used in these trials. In one of the 
vaeciiiated calves (No. 46), no lesions were found, and guinea pigs 
inoculated with bits of tissue from various lymph nodes remained 
normal. The other vaccinated calf had wmll-marked caseation of cer- 
tain lymph nodes draining the intestine, as indicated in the table. 
The lesions in the 2 controls were more pronounced than in the vacci- 
nated calf which showed lesions. 

Cow No. 2171 (see fig. 10), from whose udder infecting feedings 
were given to calves Nos. 47, 48, 147, and 148, had been artificially 
infected on x\ugust 2 by thrusting a needle 2 inches into the glandular 
tissue of the right front and rear quarters and injecting spleen and 
lymph-node pulp from a guinea pig infected with bovine tuberculous 
lesions. As a result, the milk of these quarters was found to be 
virulent for guinea pigs on September 8 and 29, October 19, and 
November 5. Acid-fast bacilli were seen in smears of the milk of the 
2 right quarters at various times between September 8 and November 
25, 1927. On autopsy of cow No. 2171 on November 30, 1927, a 
tuberculous, necrotic foens vras found in the parenchyma of each of 
the right quarters. Bach focus was about 10 cm in diameter. NO' 
other lesions of tuberculosis were found in this cow.^ 

Calf No. 48 died in the pasture from nnknown causes and was not 
found for 3 days. Post-mortem changes rendered the autopsy diffi- 
cult; however, it is believed that no well-marked lesions of tuberculosis 
were present. Guinea pigs, inoculated from a postpharyngeal lesion 
in this calf, became tuberculous. 

It is noteworthy that calves 47 and 48 were subjected to the 
infecting feedings only 13 days after vaecination when it might be 
supposed that the full immunizing effect of the vaccination had not 
yet developed. 

^ Sucli limited localization of lesions resulting from inoculation of tuberculous 
material into the udder is unusual according to Cobbett.css) 
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The control calves, were of about the same age and size as the 
vaccinated. They were reared and fed together and were comparable 
in every way except for the vaccination in the dewlap. 

It will be noted that an evident difference exists in the suscepti- 
bility of the vaccinated calves listed in table 10 A and the uiivaecinated 
calves listed in table lOB. Two out of 4 controls died of tuberculosis, 
while all of the vaccinated animals remained in- good or fair condition 
up to the time of death. 

These findings are of significance when added to the data in pre- 
vious tables because they substantiate the results already obtained- — 
that the subcutaneous vaccination will not prevent the penetration of 
the tissues by virulent tubercle bacilli but the lesions remain localized 
in the lymph nodes draining the points of entry of the bacilli, while 
in nonvaccinated calves the result may be a generalized tuberculosis. 


INTEAVENOUS, OEAL, AND INTRADEEMIC VACCINATION 

It was decided to test the protective effect, if any, of vaccination 
of calves by various other methods besides the injection into the 
dewlap as recommended by Calmette and Guerin. Accordingly, 
as indicated in table IIJL, 3 calves were vaccinated intravenously, 6 
were given 3 vaccinating feedings each, and 3 were injected intra.- 
dermally. As in previous trials the vaccinated animals and an equal 
number of controls were carefully protected from tuberculous infec- 
tion until the time they were subjected to infection by feeding tubercu- 
lous bovine tissues suspended in milk. A few days before the first 
infecting feeding the controls were given an intradermic tuberculin 
test, but no reactions occurred. The detailed preparation of the 
infecting material will be found in table 5, and the results are 
summarized in tables llA and IIB. 

DiscMsmn of Tables llA and IIB , — It will be noted that in each 
group 6 animals received only 1 infecting feeding, while the other 6 
received 3 infecting feedings. A study of the controls in table IIB 
indicates that the 1 feeding on July 7 was as effective in producing 
extensive lesions as the 3 feedings on July 7, 9, and 11, since extensive 
lesions occurred in every one of the control calves which received the 
1 feeding on July 7, while in 2 of the calves which received 3 feedings, 
the lesions were only well marked. This supports the data already 
presented in tables 6 to 9, showing that contmued feeding of large 
doses of virulent tubercle bacilli has little apparent effect in increasing 
the severity or exte^^ of the lesio prodnced. 



TABLE llA 

Bebults FBtoK FBEa)iKG Tuberculous Tissues ax> Calves Vagcinateb iN'mAVENOusLY, by Mouth, or. Intradbrmally 




Eesults eeom Feediitq-* TuberouiiOTTS Tissues to Controu Cauyes Kept with the Animaus Listed in Table 11a 
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with cervical and with mesenteric lymph-node 
tissue became tuberculous. 



T ABLpE 1 1b— ( Con-eluded ) 
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* The infecting feedings were given throngli a rubber tube. For details regarding dates and dosage see table 5. 
t Tuberculous lesion symbols: / slight ,\ well-marked^ X extensive. For details see footnote, table 6. 
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From table llA it will be noted that the time elapsing between 
vaccination and infection ranged from 53 to 173 days. The lesions in 
the vaccinated calves were well marked in 2 cases (Nos. 57 and 59 ), 
slight but widely distributed in 1 (No. 50), slight and localized in 6 
(Nos. 49 , 51 , 52, 53, 55, and 56) and in 2 (Nos. 58 and 60) no evidence 
of tuberculous infection could be found. No. 54 died of intercurrent 
disease and was not taken into consideration. In contrast, the controls 
all had well-marked or extensive widely distributed tuberculous lesions. 

The number of calves used in the trials described in table lid, is 
not sufficient to justify final conclusions, but a comparison with the 
results in the controls (table IIB) supports the evidence obtained in 
the previous trials of BCG given subcutaneously. A resistance to 
subsequent infection is produced by the presence of the BCG organisms 
in the tissues ; as a rule, however, this is not sufficient to prevent the 
penetration of the body by virulent tubercle bacilli and the production 
of caseation or caseo-ealeification in the lymph nodes. 

From the limited number of calves used (12), there is nothing to 
indicate that the administration of the BCG vaccine by mouth, intra- 
venously, or intradermally had any more immunizing effect than when 
given subeutaneously in the dewlap. 


THE USE OF BCG IN A TUBERCULOUS HERD 

On the first visit to the Williamson farm on Grisly Lsland in 
April, 1926, to begin the use of BCG, it was evident that extensive 
tubereulous infection existed. Several of the cows had enlarged retro- 
pharyngeal or prescapular lymph nodes, and a few were observed with 
symptoms of advanced pulmonary lesions. .Guinea-pig inoculations 
from 2 of the animals proved the existence of cases of open tubercu- 
losis in the herd. An intradermic tuberculin test, applied, to all the 
cattle in the herd, showed 55 per cent positive reactors. The results 
of this test, grouped according to the ages of the cattle, are given in 
dable 12../' Z. ■. , . ■ . 

The calves born on this dairy since 1920 had been permitted to 
nurse their dams for from 2 to- 5 days, after which they were trans- 
ferred to nurse cows or fed from pails on the mixed raw milk or skim 
milk of the entire herd. 

, In 1926 at the time the experiment was started, Calmette and 
Guerin had not retracted their published statement that it was un- 
necessary to take special sanitary precautions or to heat the milk from 
the tubereulous cows before feeding it to the calves. It was evident to 
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the writers that the vaccine would be more likely to be effective if 
the calves could be protected from infection for at least 30 days after 
vaccination. However, the owner desired to proceed with the trial on 
the basis of the published recommendations of Calmette and Giierm 
existing* at that time, and it was decided to accede to his urgent 
request in the hope that the majority of the calves would escape 
infection during the first month of life and that by repeated vaccina- 
tion over a period of several years, it would be possible to build up a 
resistant herd. 

TABLE 12 

Tuber, ciTUN' Test, H. D. WUlmamsou Dairy, April, 1926 

One-tenth ce of 10 per cent solution alcohol-precipitated tuber eulin was injected 
into left subcaudal fold. 


Age 

Number 

tested 

Number 

positive 

reactions 

Number 

indecisive 

reactions 

Number 

negative 

Less than one year 

27 

4 

0 

23 

1 to 2 years 

38 

23 

0 

15 

2 to 3 years 

43 

18 

0 

25 

3 to 4 years 

25 

14 

1 

10 

4 to 5 years 

20 

13 

0 

7 

6 to 6 years 

15 

10 

0 

5 

6 to 7 years 

19 

14 

2 

3 

7 to 8 years 

29 

23 

2 

4 

8 to 9 years 

1 

1 

0 

0 

10 to 16 years : 

4 

3 

0 

1 

15 to 20 years 

2 

0 

0 

2 



Total.,...., 

223 

123 

5 

95 




During 1926, 38 calves were vaccinated and 10 were left unvacci- 
nated as controls. Since that time, few controls have been left, because 
the owner insisted on having all of the calves vaccinated in the hope 
that sufficient resistance would be created to> prevent the development 
of any open cases of tuberculosis in the vaccinated animals and that 
eventually he could dispose of all unvaccinatecl cattle, cease vaccina- 
tion and develop a nonreaeting herd from the offspring of the 
vaccinated, animals.' 

The vaccinating dose used in 1926 was 50 mg. Since that year in 
all cases the dose has been 100 mg injected into the dewlap, the first 
injection feeing given from 1 to 10 days after birth. The revaeeina- 
tions have been made in 4 to 10 months following the initial injection 
and annually thereafter. The numbers of calves vaccinated each year 
are listed in table 13. 

In accordance with the recommendations of Calmette, no tuberculin 
has been used on the vaccinated calves since 1926, with the exception 
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of 4 animals just before slaiigliter. The owner was advised that, if 
tested, they would probably react for a time as a result of the 
vaccination regardless of whether or not they developed tubercles other 
than those in the dewlap. (See the section ^^Hyperseiisitiveness in 
Vaccinated Calves,” pp. 366.) He was also advised in 1927 that the 
most that could be expected from the vaccine was a resistance and that 
it would not prevent the penetration of the tissues by virulent tubercle 
bacilli. However, he decided to continue the vaccination of all the 
calves. 

TABLE 13 

C^mvES Yacciitateo at H. D, Williamson' Dairy 


Year bom 

Number vaccinated 

First time 

Second time 

Third time 

Fourth time 

Fifth time 

1926 

38 

33 

1 

26 

25 

22 

1927 

58 

51 

60 1 

43 


1927 

6 

6 

6 



I 

44 

40 





1929 ... ■ . . . . 

46 











, 

Total 

192 






The following year he had some reason to hope that the majority 
of them would escape infection during the first 30 days of life because 
3 vaccinated calves, reared on the place for from 8 to 12 weeks, had 
been taken to Berkeley and no tuberculous lesions were found on 
slaughter after 9, 16, and 18 months, respectively. On the other hand, 
a nonvaecinated calf of this group was found to be tuberculous on 
slaughter. 

Guinea-pig inoculations from the mixed milk of the herd on one 
oeeasioiis in 1927 resulted in producing tuberculosis. 

In September, 1927, one of the 6-week-old calves which had been 
vaccinated 5 days after birth was obseiwed with labored breathing 
and coughing. On slaughter at 2 months of age, extensive tuberculous 
lesions were found in the lungs and thoracic lymph nodes. A 
guinea pig inoculated from these lesions died of generalized tubercu- 
losis, but a guinea pig inoculated from the vaccination abscess in the 
dewlap was normal throughout when slanghtered 2 months after 
inoculation. On investigation, it was found that the cow on which this 
calf had nursed had tuberculosis of the udder (see cow 
page 352). A non- vaccinated control calf which had been nursing bn 
this cow also developed pulmonary symptoms and on slaughter was 
found to have tuberculosis of the mesenteric lymph nodes and non- 
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tnberciiloixs broncliopneiinionia. With the previous exception, none 
of the vaccinated calves in this herd has apparent clinical tuberculosis. 

In the winter of 1928, 2 of the noiivaceinated controls, born in 
1926, were reported by the owner to have died of tuberculosis. Unfor- 
tunately, no tissues were saved and the University veterinarian was 
not notified. 

During 1929 it has been possible to perform autopsies on 10 of the 
3-year-old heifers, 5 of which had been repeatedly vaccinated and 5 
of which were nonvaccinated controls. The results are given in tables 
UA and 145, 

Discdtssion of Tables 14 A and 14B . — The extent of exposure of the 
cattle in this field experiment to tuberculous infection cannot be as 
satisfactorily measured as the controlled infection trials at Berkeley 
and Davis. However, from 8 nonvaccinated animals available for 
tuberculin testing or slaughter, 5, or 62.5 per cent, developed tubercu- 
losis. These 5 are listed in table 145. One of them, No. 205, was 
killed because it was in an extremely poor and weak condition as a 
result of tuberculous infection. The other 4 were selected from 7 
available nonvaccinated animals because they yielded strong positive 
reactions to the intradermal tuberculin test. The 3 animals negative 
to this test were not slaughtered, but were retained in the Williamson 
herd to serve as controls in future observations. 

At the same time that the above 7 nonvaccinated heifers were 
tested with tuberculin by the intradermic method, 4 vaccinated heifers, 
of about the same age as the nonvaccinated controls, were selected at 
random from a group of 20, which, in 1926, had been vaccinated 
within 10 days of birth and which had been revaccinated 4 times since 
that year. The test on these 4 animals failed to show a degree of 
hypersensitiveness sufficient to cause a reaction definite enough to 
condemn any of the animals under the standards ordinarily used in 
routine testing. They were slaughtered for beef at the same time as 
the 4. controls. 

None of the 5 vaccinated animals recorded in table 144, showed 
any macroscopic evidence of tuberculosis. One, No. 236, did, however, 
carry live tuberele bacilli in one or more of its thoracic l3?inph nodes, 
since the guinea pigs injected with these apparently normal lymph 
nodes developed tuberculosis. The 4 heifers i*ecorded in table 144 
were selected at random from, a vaccinated group in which all the 
animals were apparently in the same approximate state of health. 

It wiU be noted that heifer 216 (table 144) showed tuberculous 
lesions in the prescapular lymph node. The right prescapular n 
measured 80 x 40 x 30 mm and contained 6 caseous points, each 1 to 
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TABLE 14a 


Heifers Vaccin'ated* in’ the Dewlap with 100 Mg BCG- and Maintained proai 
Birth with a Tuberculous Herd 


No. 

! 

Born 

Dates 

vaccinated 

Remarks 

264 

Sept. 1, 1926 

Sept. 4,1926 
Mar. 25, 1927 
Oct. 18. 1927 
July 18, 1928 
July 15, 1929 

Calved Feb., 1929. Drowned accidentally Aug. 14, 1929. No evi- 
dence of tuberculosis found, except three vaccination abscesses in 
the dewlap, Guinea pigs, inoculated from dewlap abscess and 
cervical, mesenteric, and thoracic lymph nodes, were negative 
for tuberculosis at 3 months. 

268 

Sept. 1, 1926 

Sept. 1,1926 
Mar. 25, 1927 
Oct. 18, 1927 
July 18, 1928 
July 15, 1929 

Calved Feb., 1929. Negative to intradermic tuberculin test Aug. 29, 
1929. Slaughtered for beef Sept. 4, 1929. No evidence of tubercu- 
losis found, except eight 15-mm abscesses in the dewlap. Guinea 
pigs inoculated wdth cervical and thoracic lymph node tissue were 
negative for tuberculosis at 10 weeks. 

236 

June 29, 1926 

July 3, 1926 
Mar. 25, 1927 
Oct. 18, 1927 
July 18. 1928 
July 15, 1929 

Calved Mar., 1929. Negative to the intradermic tuberculin test 
Aug. 29, 1929. Slaughtered for beef Sept. 4, 1929. No evidence of 
tuberculosis found, except 3 abscesses in the dewlap, each 50 mm. 
Guinea pigs inoculated from the apparently normal thoracic 
lymph nodes were positive for tuberculosis at 10 weeks. 

216 

May 23, 1926 

June 3, 1926 
Mar. 26, 1927 
Oct. 18, 1927 
July 18, 1928 
July 15, 1929 

Calved March, 1929. Negative to the intradermic tuberculin test 
Aug. 29, 1929. Slaughtered for beef Sept. 4, 1929. No evidence of 
tuberculosis found, except in the dewlap and adjacent prescapular 
lymph nodes fsee page 00). Guinea pigs inoculated from the cer- 
vical thoracic and prescapular lymph nodes, were negative for 
tuberculosis at 10 weeks. 

212 

May 11, 1926 

May 21, 1926 
Mar. 21, 1927 
Get. IS, 1927 
July 18, 1928 
July 16, 1929 

Calved Mar. 19, 1929. Negative to the intradermic tuberculin test 
Aug. 29, 1929. Slaughtered for beef Sept. 4, 1929. No evidence of 
tuberculosis found, except 3 walnut-sized abscesses in the dewlap. 
Guinea pigs inoculated from the cervical thoracic and gastrohepatio 
lymph nodes, were negative for tuberculosis at 10 weeks. 


TABLE 14b 

Noisfvaooinated Heifers aSer, vino as.OontrO'LS foe^ Heifers Listed in' Table 14a 


No. 

Born 

Remarks ■ 

205 

April, ■ 1926 

1 Calved March 1, 1929, after which symptoms of generalized tuberculosis appeared. 
Killed April 21, 1929. Massive tuberculosis of organs and lymph nodes of the thor- 
acic and abdominal cavities. Acid-fast bacilli were abundant in uterus and bron- 
chial tubes. ' ■ 

203 

April, 1926 

Slaughtered for beef, September 4, 1929, A mesenteric lymph node contained a 
calcareous nodule, 20 x 15 x 8 mm, and in another node near by was a 7-mm caseous 
area. Acid-fast bacilli were demonstrated and inoculated guinea pigs developed 
1 '. tuberculosis. 

',225' 

Jan., 1926 

j Slaughtered for beef, September 4, 1929. The left retropharyngeal lymph node w’as 
enlarged 3 times normal size and about one-third of its area was thickly studded 
with caseocalcareous nodules, from 5 to IS mm in size, typical of tuberculosis. 


May, 1926 

Slaughtered September 4, 1929. Cfondemned as unfit for food on account of emaci- 
ation. Extensive cervical and thoracic tuberculosis. 

473 

April, 1926 

Slaughtered for beef, September 4, 1929, The left bronchial lymph node was enlarged 
6 times normal size and contained a caseocalcareous lesion, 16 mm in size, in which 
acid-fast bacilli were derncmatrated, 
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2 min in size. These were grouped in a space 10 k 7 x 5 mm. The left 
prescapiilar node measured 70 x 40 x 20 mm and contained 8 caseous 
points, ranging from 2 to 3 mm in diameter. These were grouped 
together near the surface of the node. Near by wms a yellow caseous 
mass, 3x4x3 mm in size. Acid-fast bacilli were demonstrated in 
smears from the above lesions as well as in the pus of several small 
abscesses at the points of vaccination in the dewlap. It appeared that 
the BCG organisms injected into the dewlap had penetrated the 
adjacent lymph nodes. The fact that guinea pigs inoculated from the 
prescapular lymph nodes failed to develop tuberculosis supports the 
idea that the prescapular lesions were caused by the BCG organisms 
and not by ingested acid-fast bacilli. 

The fact that none of the vaccinated animals (table 14A) showed 
any macroscopic lesions attributable to virulent tubercle bacilli, while 
all of their controls (table liB) had definite lesions, strongly supports 
the claims of Calmette. 

It has been customary to slaughter all male calves for veal at the 
age of 2 or 3 months. To date, about 200 have been so slaughtered by 
the superintendent of the ranch, who reports that no lesions resembling 
tuberculosis have been observed except in the previously mentioned 
cases. In addition, tissues from several of these calves were sent 
to Berkeley and portions were injected into guinea pigs with negative 
results. 

For economic reasons the owner has wished to sell some of the 
vaccinated heifers. They have, however, been found unmarketable 
except for beef, because it is supposed that they will probably react if 
subjected to the tuberculin test. 

Until there is an opportunity to make post-mortem studies on 
more of the heifers which have been on the farm since 1926, the only 
conclusions that the writers are able to draw from the use of BCG in 
this herd are as follows : 

1. No apparent injury to the general health or milking efficiency of 
the heifers has been produced by the annual vaccination. 

2. A comparison in 1929 of the vaccinated and non vaccinated 
heifers born in 1926 shows that the vaccinated heifers ai^ all in 
good condition, while some of the nonvaccinated have died of tubercu- 
losis. Five vaccinated heifers born in 1926 were found apparently 
sound on autopsy in 1929, while an equal number of nonvaccinated 
controls were found to be tuberculous. 

3. Since the vaccine causes animals to become temporarily reactors 
to tuberculin, the vaccinated heifers were rendered for a time uiunar- 
ketable, except for beef. 
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4. The results already obtained in the Williamson herd, when 
considered in connection with the results of the controlled experiments 
at Berkeley, are a distinct addition to knowledge concerning immunity 
and resistance to* tiibercnlosis. A eontinnation of the cooperation 
with Mr. Williamson has therefore been arranged. 


OBSEEVATIONS OP THE EFFECT OF BCG ON CATTLE NOT 
EXPOSED TO TUBERCULOUS INFECTION 

To determine if BCG cultures may cause any injury to cattle is of 
fundamental importanee and a necessary prerequisite to extensive 
vaccination trials. Particularly, it is necessary to find out if exten- 
sive tuberculosis may result directly from the vaccination. It has 
been demonstrated by investigation in various countries, as well as by 
Calmette’s group, that local tuberculous lesions are produced in the 
tissues of animals at the points where the living BCG bacilli lodge. 
The majority of reports concerning this indicate that these local lesions 
do not progress to an extent that is permanently detrimental to health 
and that if the animals are premitted to live, the lesions eventually 
heal. Consequently, the Commission of Bacteriologists of the Hygiene 
Section of the League of Nations^^^^ reported in 1928 that BCG con- 
stitutes a harmless vaccine for cattle. On the contrary, Watson has 
reported that passages of BCG from calf to calf resulted, in one 
instance, in the development of virulence sufficient to cause generalized 
tiibercnlosis in guinea pigs inoculated from the calves, 

To date, 27 head of cattle in the nontuberculous herd belonging to 
the University at Berkeley have been subjected to injections of BCG 
in various ways. Following is a list of these trials : 

1. Eight aged cows were injected in the dewlap with BCG, dose 
100 mg. On slaughter after 72 days, no tuberculous lesions were 
found except the usual cold abscesses at the point of vaccination. 

2. Fifteen calves born in 1926 and 1927, were vaccinated in the 
dewlap from 1 to 10 days after birth, and have been revaceinated 
annually since that time. To date (November, 1929) , no injurious 
effect has been noted from the vaccine other than the local abscess 
produeeclin the dewlap.* In one of these animals (No. 1111) after the 
second vaccination on February 12, 1927, the dewlap lesion gradually 
developed to such a size that it became an objectionable blemish. In 
September, 1928, it consisted of multiple intercommunicating abscesses, 
forming 3 tumors having respective diameters of 150, 80 and 70 mm. 
The contents consisted of semi-solid caseocalcareous, necrotic tissue. 



Mareli, 1930] Haring et aL: Vaccination of Cattle with BCG 


365 


On microscopic examination, large numbers of acid-fast bacilli ^vere 
found mixed with leucocytes and amorphous, necrotic debris. Cultures 
on serum egg and other media remained sterile. Four guinea pigs, 
inoculated with the pus were killed after 6 months and found to be in 
excellent condition. No lesions of tuberculosis were found in them. 

An attempt was made to reduce the size of the abscesses in calf 
No. 1111 by free incisions, drainage, and the liberal use of tincture of 
iodine, without much effect; but, after several injections of hexyl- 
resorcinol, the discharges ceased and healing resulted. 

On December 19, 1928, the animal was revaecinated in the dewlap 
with 100 mg of BCG. In August, 1929, the 3 swellings in the dewlap 
measured respectively 110, 110, and 80 mm. 

3. Three calves, aged 2 months each, received the relatively massive 
doses, 1 to 4 grams, distributed in smaller amounts at various points 


TABLE 15 

The Ebsuuts oe Intravenous Injections op BCG in Cattle and Swine 


No. 

Sex and 
species 

t 

Age when 
injected 

Dose 

of 

BCG, 

mg 

I Remarks 

82 

Steer 

5 months 

" .j 

100 

Temperature remained normal. Butchered 30 days after injec- 
tion of BCG. Tissues were apparently normal throughout on 
macroscopic examination except that on close scrutiny the 
lungs were seen to be studded throughout with glass-like 
nodules, pin point to 0.5 mm in size and occasionally a larger 
nodule (1 mm) was observed. A histological study showed the 
lungs to be thickly studded with foci containing acid-fast 
bacilli (figs. 15 and 16). Guinea pigs injected with lung and 
lymphatic tissue remained normal. 

94 

Steer 

2 months 

>0 

Temperature irregular for 4 -w-eeks; otherwi.se the animal ap- 
peared normal. Slaughtered 4 month, s after injection, Tissues 
normal throughout. Lungs normal histologically. Guinea pigs 
injected with lung and lymphatic tissue remained normal. 

1130 

Heifer 

2 weeks 

500 

Temperature irregular for 4 weeks. The animal grew' .slowly and 
W'as unthrifty for 6 months; otherwuseshe hasremained normal. 
Still living; age 2 years. 

mo 

Heifer...... 

21 months 

500 

Temperature high on 2nd and 3rcl days and on 16th to 24th days 
after injection. Otherwise she has remained normal. Died 
from dystocia, aged 2M years. No indications of tuberculosis 
found. 

", 

Gilt 

3 months. 

500 

■ 

Irregular temperature between 2nd and 28th day after injection. 
The day after injection partial paralysis of the rear limbs 
developed, from which recovery was slow, and the animal was 
still slightly lame on slaughter 13 weeks after the BCG yras 
injected. Apparently normal throughout on macroscopic 
inspection except that on close examination in a strong light 
the lungs were seen to be studded wuth white nodules up to 0.6 
mm in size. A histological study of the lungs showed that 
they were studded with necrotic foci containing acid-fast 
bacilli (figs. 17, IS), Guinea pigs inoculated wdth lung and 
lymphatic tissue remained normal 
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under tlie skin. Cold a-bscesses formed at the points of injection, but 
the animals have remained in good general condition and are being 
held under observation. 

4. A study has been made of the effects of intravenous injections 
of BCG into 4 calves in a tuberculosis-free environment. These results 
are listed in table 15 and serve as a control on the infection experi- 
ments described in table 3, as well as showing the reaction to such 
injections in animals protected from virulent tuberculous infection. 

Discussion of Table 15 . — No permanently injurious effects resulted 
from the intravenous injection of massive doses of BCG. However, 
in some animals a disturbance occurred which was evidenced by irreg- 
ularities in the temperature for a few weeks. 

The lung nodules in steer No. 82 and swine A consisted of a central 
mass of acid-fast bacilli, surrounded by a wall of connective tissue. 
See figures 15-18. 

Apparently the lung lesions are resorbed in a few weeks because no 
trace of lung abnormality was found other than a slight increase in the 
interlobular connective tissue in animals killed after an interval of 
more than 4 months. 


HYPERSENSITIVENESS IN VACCINATED CALVES 

During the experiments at Berkeley, it has been observed that a 
rise o-f temperature may occur in calves soon after revaccination 
subcutaneously with BCG. The fever begins in from 2 to 6 hours 
after the injeetion and ranges between 104° and 106° P for 8 to 
14 hours. The temperature curve is similar to the thermal reaction 
caused by tuberculin and seems to have no relation to the fever which 
occurs in calves 2 or 3 weeks after the intravenous injection of BCG. 

No temperature reactions immediately after the subcutaneous injec- 
tion of the vaccine have been observed at this Station in tuberculosis- 
free calves vaccinated for the first time, and we believe that when 
such reactions do occur, they indicate that the animal has previously 
been infeeted by tubercle bacilli or organisms of similar antigenic 
effect. 

Figure 3 shows the temperatures recorded after the vaccination of 
3 calves. The records of these animals have been selected for graphic 
presentation in chart form because they represent three types as 
explained in the legend under figure 3. 

During 1926 and 1927 in accordance with the recommendations of 
Calmette, the use of tuberculin was avoided when the calves were to 
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be exposed to virulent infection, altliougii, according” to tlie experi- 
ments of Goldenberg of the Ukranian Commission as reported by 
Tzeknovitzer,^*-^ such a preeantion is probably unnecessary. 

Studies of the effect of tuberculin on the vaccinated calves which 
were protected as much as possible from exposure to virulent bacilli 
have been made at the California station. In the 20 cases studied, 
the subcutaneous injection of 100 mg of BCG was always followed by 
the development of a sensitiveness to tuberculin as evidenced b^^ 
intradermic and ophthalmic reactions. In the majority of the vacci- 
nated calves, a thermal reaction followed the subcutaneous injection 
of 500 mg of tuberculin 0. T. 
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Fig. 3. Temperature chart showing fluctuations in temperature after the 
injection of BCG into the dewlap. 

Calf received 40 mg. It had previously received 50 mg on June 6, 1926, 
and a vaccine abscess had formed, discharged, and healed before September 
27, 1926. 

Calf IJB received 40 mg. It had previously received 50 mg on June 6, 1926. 
An abscess had formed but did not open. On September 27 it measured 
27' X''27 mm.' ' 

Calf 10 received 50 mg. It had not been vaccinated previously. 

The surgical removal of the cold abscess in the dewlap of calf 
No. 1114 (%. 8, p. 388) was followed by a gradual reduction in local 
sensitiveness to tuberculin, although slight traces of sensitiveness to 
ophthalmic, intradermic, and subcutaneous tuberculin tests persisted 
:for'18 months. 

King and Park^^^^ failed to obtain any indication of increased 
sensitiveness to tuberculin in guinea pigs and calves that had been 
fed small doses of BCG. 

In order to determine if the feeding of a massive dose of BCG does 
cause hypersensitiveness, 2 calves at the California station at Berkeley 
were each given by mouth 1 gram of BOG suspended in physiological 
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sodium clilorlde solution. Calf No. 472 was 72 days old at the time 
the BCG was fed and calf No. 1022 was just born and had never 
nursed. Sixty days later the calves were each given iiitradermally 
0.2 cc of 100 per cent tuberculin 0. T. This provided as strong a 
dose as is ordinarily used to elicit thermal reaction and at the same 
time subjected the calves to intradermie test with several times the 
ordinarily used dose of tuberculin. No thermal reactions were ob- 
served. Observations at 60, 84, and 132 hours showed no positive 
intradermie reactions, although both calves developed slight snbcaiidal 
thickenings, the thickenings in calf No. 1022 being slightly the larger 
C'P’' according to the IT. S. Bureau of Animal Industry Standard). 
At the 84th hour observation a sensitizing ophthalmic disc was placed 
in one eye of each animal and 72 hours later a test dose disk was given 
each calf. No reactions developed during a 12-hc)ur observation. 
Tliex'e was no thermic reaction. Three pre-injection and 10 post-injec- 
tion temperatures were taken. The latter were started 6^2 hours after 
injection and were taken at 2-hoiir intervals. Calf No. 472 was 
butchered at 140 days of age. No indications of tuberculosis were 
found. Calf No. 1022 is still living and in good condition. 


CONTROL TESTS OP BCG CULTURES ON SMALL ANIMALS 

Guinea Pigs— In all, 106 guinea pigs have been used to test the 
purity and harmlessnesvs of the cultures as required by Calmette. 
The dosage has ranged from 2 to 100 mg given in various ways. 
Ninety of these animals have been killed from 2 to 13 months after 
vaccination. The remainder are being held for observation. 

Intramuscular and subcutaneous injections into guinea pigs have 
usually resulted in the formation of local abscesses which, as a rule, 
rupture and heal after a few weeks without affecting' the general 
health of the animal. Thirteen months after injection one of the 
guinea pigs still had about a minim of pus at the point in the thigh 
where 25 mg had been injected. The pus from these discharging 
abscesses contained acid-fast bacilli, but at this station subinoeiilations 
of such pus into other guinea pigs have thus far always given 
negative u‘esnlts. , ^ 

Intraperitoneal injections of 2 to 50 mg into guinea pigs were 
followed by well-marked adhesions or purulent lesions or both in the 
abdominal cavity. Such lesions have been demonstrated in all the 
animals killed 2 to 13 months after inoculation, but the subinoeiilations 
thus far have been negative. 
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Bal)l)its . — Thirteen rabbits have been injected intrainiisenlarly or 
subcutaneously with doses of BCG ranging from 20 to 100 ing. Local 
abscesses formed which were usually larger and more persistent than 
in the guinea pigs. This does not necessarily indicate that rabbits are 
more susceptible than guinea pigs to specific pathogenicity of BCG. 
It may be accounted for by the fact that they are apt to develop 
relatively larger local lesions than guinea pigs when injected intra- 
muscularly or subcutaneously. Besides, the wmrk of Coulaiid'^-®^ and 
others who have injected rather large doses of BCG intravenously into 
rabbits does not sugge^st that rabbits are particularly susceptible to 
BCG, since no generalization of disease is produced; in fact, complete 
healing has taken place in their cases after several months. One 
rabbit at the California station which had been injected subcutane- 
ously inside the right thigh with 20 mg was killed after an interval of 
105 days. A 30-mm abscess was found between the muscles of the 
thigh. The liver also contained a white nodule the size of a pea. Acid- 
fast bacilli were found in smears from both these lesions. 

Swine , — In an attempt to determine if vaccination has any immu- 
nizing effect on swine, injections of BCG have been made into pigs at 
various ages ranging from 1 day to 6 months old. To date, 45 swine 
have been vaccinated in various ways, intravenously, subcutaneously, 
intramuscularly, intradermally, and by mouth. The results are not. 
ready for publication, but as yet no indication has been found that the 
BCG cultures at this Station are capable of producing generalized or 
fatal tuberculosis in swine. The lesions are local in character and 
resemble those produced in calves. 

Comment ,- — The fact that the intraperitoneal injection of BCG 
into guinea pigs and rabbits often causes rather extensive caseous 
lesions has been the basis of some criticism of the early statements of 
Calmette as to the harmlessness of BCG. However, it would seem 
that abdominal lesions resulting from such intraperitoneal injections 
are of little significance in solving the problem of the possible harm- 
fulness of the subcutaneous and oral vaccination procedures recom- 
mended by Calmette. 

On the other hand, the eases of generalized tuberculosis in guinea 
pigs after injection with dissociated BCG cultures reported by Betroff, 
Branch, and Steenken^®^^ are of great interest. In their work, however, 
the technique recommended by Calmette was not followed; instead a 
deliberate attempt was made to develop virulent strains by dissociat- 
ing the BCG cnltures into E and S types of colonies by growing the 
bacilli on gentian violet egg media. Chiari, Nobel, and Sole^-®^ also 
have reported the cultivation from of a strain virulent for 

'guinea;pigs. 
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Watson^'*^’ was one of the first to question the iiiofFensiveness 
of BCG. He reports results from the injection of 134 guinea pigs 
with BCG as follo'ws: 

111 92, or 68,7 per cent, no lesions of tuberculosis were discernible 
after a duration period a,veraging 295 days; in 30, or 22.3 per cent, 
early, slight or localized lesions were found after an average duration 
of 290 days, and in 12, or 9 per cent, typical generalized tuberculosis 
developed after an average duration of 309 days. 

Watson also questioned the alleged benign character of tubercu- 
lous lesions as found in guinea pigs following BCG inoculation and 
developing in the course of many months. In some cases he reported 
inoculations made from such so-called benign lesions produced tuber- 
culosis, and, furthermore, serial passage from, guinea pig to guinea pig 
was reported to be productive of typical tuberculosis. 

Doyle.(3u Pag claimed that certain parts of Watson’s work are 
open to criticism, but nevertheless, merit immediate repetition in other 
laboratories. 

In experiments at the United States Experiment Station, Bethesda, 
Maryland, Schroeder and Crawford^^'^^ have reported that in one lot 
of 36 guinea pigs injected with BCG, 1 died showing lesions of 
generalized tuberculosis. None of the other 35 were affected. It was 
not decided whether the 1 guinea pig of this series that died of 
tuberculosis contracted the disease as a result of the inoculation with 
BCG or whether this was a ease of 'spontaneous’ tuberculosis. They 
stated that when guinea pigs are kept in the same house with tuber- 
culous guinea pigs, there is always a possibility of 'spontaneous’ 
tuberculosis. SewalB^^^ has called attention to the O'ccurrence of 
so-called 'spontaneous’ tuberculosis in guinea pigs and the possibility 
of the introduction of infection to- them on comtaminated feed. 

The observations of Gerlaeh,^^^> King and Park/^^> Woodruff and 
Gregory, < and many others, as well as the results at the California 
station, support the contention of Calmette that no inerease to high 
yirulence has yet been proved to occur in BCG cultures maintained on 
ox-bile; potato.'' 

At the California Agricultural Experiment Station cultures of 
BCG have been transplanted on potato in 5 per cent glycerine broth 
since 1926 and a parallel series has been carried on the same medium 
with each tenth and eleventh transplant on ox-bile potato' containing 
5 per cent glycerine. In attempts to dissociate the cultures carried in 
this way, it was possible at the California station tO' obtain from the 
former series variants simulating both R and S types of colonies as 
described by Petroff, while in ' tfie kttet series carried according to 



March, 1930] Haring et al,: Vaccination of Cattle with BCG 371 

Calmette’s recommendations, these have not been observed. Guinea 
pigs inoculated with the S type o£ colony showed nonsignificant varia- 
tions from those inoculated with the E type. A slightly enlarged 
spleen, found in the guinea pig inoculated with the S type, was 
reinoculated into 2 guinea pigs. These animals showed no evidence of 
disease when slaughtered at the end of 75 days. One rabbit, inoculated 
intravenously with about 50 mg of the S type growth, when killed 
after an interval of 3 months, showed the lungs to be studded with 1 
to 2-mm nodules, containing acid-fast bacilli. This lung tissue was 
reinoculated intramuscularly into 2 guinea pigs. These animals were 
slaughtered at the end of 75 days and showed no evidence of disease. 
A rabbit inoculated in a similar way with the E type of growth was in 
poor condition on autopsy after an interval of 3 months. The lung 
conta^..., 7 necrotic spots, consisting of creamy pus, 1 to 2 mm in 
size. The Sp-ieen was also slightly enlarged. No acid-fast bacilli or 
other indications of tuberculosis were demonstrated. 


DISCUSSION AND SUMMARY 

Two hundred and eighty-two calves less than 10 days of age, and 
15 older cattle were treated with cultures or transplants of cultures 
received from Calmette. One hundred and ninety-two of the calves 
were in an extensively tuberculous dairy herd, where vaccinations have 
been made for 3 years under partially controlled conditions. The 
remaining 90 calves were from herds free from reactors to the tuber- 
culin test. These have been maintained with an equal number of 
non vaccinated controls at the California Agricultural Experiment 
Station at Berkeley and Davis. 

Thirty of the 90 head were used to test the possibility of any 
injurious effects of BCG on cattle in a presumably tuberculosis-free 
environment, and the remaining 60 were used to test the immunizing 
or resistance-producing power of the vaccine by exposing them to 
tuberculous infection under experimental conditions. 

A summary of the results of experimental inf ection of the 60 head 
of vaccinated eattle and of 62 of the nonvaccinated controls is given in 
table 16, This table also contains the results from the infection of 2 
calves treated with heat-killed tubercle bacilh and 2 treated with 
nonvirulent acid-fast bacilli from a culture isolated from bovine 
l;^Tnphangitis. 

The results under controlled conditions listed in table 16 indicate 
that the use of BCG confers upon cattle a definite resistance to tubercle 
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4 100 mg BCG in dew- 1 calf had extensive mesenteric and slight retropharyngeal 

steers lap. 6 feedings, lesions; 2 had slight mesenteric legions and in 1, no lesions 

were found. 
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bacilli. As already pointed out by Zwick and Witte^^^^^ in a summary 
of the literature, resistance against artificial infection in this way is 
of little significance in answering the question of the practical value 
of the vaccine. This may be true, but natural infection is so beset 
with variables that definite conclusions from experiments under farm 
conditions seem unreliable to the writers unless confirmed by controlled 
experiments under field laboratory conditions. It is hoped that a 
continuation of the investigations on the cattle in the dairy herd 
belonging to Mr. H. D. Williamson will add materially to the data 
necessary for a definite answer. 

For purposes of a comparative grouping of the autopsy findings in 
the 126 animals listed in table 17, a lesion was arbitrarily classed as 
slight, well-marked, or extensive in accordance with the standard 
listed in the footnote of table 6. When tabulated under such group- 
ings, the results expressed in table 17 were obtained. 


TABLE 17 

BeiiAtive Extent of the Tuberculous Lesions in Calves 


Type of lesions 

Vaccinated* 

Controls 

Supplementary 

controlst 

Extensive.. 

71 

13 

40t i 

16 

5t 

1 

Well-marked. 

Slight 

27 

3 


Nnnft vifiihle 

13 

1 





Total 

60 

60 

6 




* Nine of the calves were subjected to infection within 30 days of vaccination (see tables lA, %A, 
and 10^). If these 9 are eliminated, the tabulated results for vaccinated calves will be changed as follows: 

Extensive 6 Well-marked 10 Slight 23 None visible 12 

t In addition to the 60 controls, use was made of 6 calves as supplementary controls; 2 of these had 
each been previously treated with an intravenous injection of 1 gram of heat-killed tubercle bacilli; 
each of 2 others had received a subcutaneous injection of 100 mg of nonvirulent acid-fast bacilli in culture 
from bovine lymphangitis; and 2 were unvaccinated. 

t Includes 9 oases of fatal tuberculosis in controls and 2 in vaccinated calves. These 2 animals had 
been vaccinated in the jugular vein and 4 months later infected through the same channel. 

It is evident that the subcutaneous vaceination afforded protection 
against the fatal effects of intravenous and subcutaneous infection with 
cultures of virulent bovine tubercle bacilli. On the other hand, the 
relatively slight differences between the number of lesions in the 
vaccinated and the control calves which had been subjected to repeated 
infections through the mouth indicated that no measurable resistance 
was afforded by the vaccination to the entrance into the tissues of 
virulent tuberele bacilli, but the tissue damage resulting from such 
invasiou was in most cases less in the vaccinated than in the control 
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Tlie most marked contrasts between tlie Yaccinated and control 
calves infected by moutli occurred in the groups described in tables 
10 A and 105, in which the tuberculous infection received by the 4 
calves 47, 48, 147, and 148, from the milk of the tuberculous udder of 
cow No. 2171, was either very virulent or very massive, inasmuch as 
both controls died of tuberculosis at 62 and 162 days respectively. 
Vaccinated calf No. 47 remained in good general condition and was 
butchered 94 days after the first infecting feeding. Widely distributed 
tuberculous lesions were found, but they were not extensive enough to 
affect the general condition of the animal. Vaccinated calf No. 48 
remained in good general condition until death by accident 246 days 
after infection. Only slight lesions of tuberculosis were found. 

The failure of the subcutaneous vaccination to produce complete 
immunity to tuberculous feeding infection at the California station 
led to some preliminary trials on calves at Berkeley in which BCG 
was introduced into the body through intravenous, intradermic, and 
oral channels. Tables llA and 115 show that these methods also 
apparently conferred some resistance to feeding infection, hut not 
appreciably greater than that conferred by subcutaneous vaccination. 
Against the fatal effects of intravenous infection, the subcutaneons 
method of vaccination was more effective than the intravenous, as 
judged by the results tabulated in table 3. 

A comparison of the autopsy results on the various groups of 
control calves indicates that the prolonged feeding of massive doses of 
tubercle bacilli does not usually result in the production of more 
extensive lesions than when the feeding is stopped at the end of 10 
feedings. It may he seen from tables, IB, 85, atid 95 that 10 of the 19 
control calves which received 10 feedings had. extensive lesions, while 
only 4 cases of extensive tuberciilosis occurred in the 15 control 
calves which received 30 to 36 feedings. It should be noted, that the 
latter 15 calves had received their first 10 feedings fro sa.tne 
mixtures that were given the first mentioned group of 10 animals. 

These results support the generally accepted theory that the 
lesions resulting from the first tubercle bacilli to inyade the body tgnS 
to create a resistant power in the tissues against future* ttiberculdUs 
infection. The results, however, are not entirely in, accord with, the 
assertions of Calmette^^^ that only fresh tuberculous infection, occur- 
ring again and again at short intervals, is able to overcome the natural 
harrier of the mesenteric lymph nodes. 

The fact that no macroscopic lesions of tuberculosis could be found 
in 5 vaccinated heifers (table 144) which were kept exposed to infec- 
tion for 3 years at the Williamson Ranch, while tuberculous lesions 
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were found in 5 nonvaecinated heifers of approximately the same age 
on that ranch tends to support Calmette claims. 

The writers^^®^ have observed that, under conditions prevailing in 
certain parts of California, it is not difficult in tuberculous herds to 
rear heifers free from tuberculosis until they calve for the first time. 
Owners are then often under the necessity of introducing the disease- 
free heifers into the infected milking herds. A possible use for BCG 
may be found in the vaccination of such heifers. In the writers^ 
opinion, if the resistance conferred is sufficient to prevent the develop- 
ment of open lesions, the problem of reducing the incidence of 
tuberculosis to a point where eradication measures may be economical 
in such herds will have been solved. In view'^of this, experiments are 
being planned at the California station to further test out the safety 
and practicability of vaccinating tuberculosis-free heifers during their 
first pregnancy and continuing their revaceination annually after they 
have been introduced into herds of tuberculous cattle. 


CONCLUSIONS 

The subcutaneous vaccination of cattle with 100-mg doses of BCG 
conferred sufficient resistance to protect against the fatal effects of 
intravenous or subcutaneous injections of virulent tubercle bacilli. 

In feeding trials with virulent tubercle bacilli, the vaccinated cattle 
showed less extensive lesions, as a rule, than the unvaccinated. The 
prolongation of the feeding of calves with massive doses of virulent 
tubercle bacilli apparently had no effect in increasing the number or 
size of the tuberculous lesions found on autopsy 4 to 12 months later. 
The calves which received from 2 to 10 infecting feedings had just as 
extensive lesions, on the whole, as those animals which were fed from 
20 to 26 additional doses of much larger numbers of virulent tubercle 
bacilli. This was observed in both the vaccinated and nonvaecinated 
groups. 

Feeding infection experiments with calves following the intra- 
dermie, intravenous, or oral administration of BCG indicated that 
these methods of vaccination are not superior to the subcutaneous. 

The resistance afforded by the vaccine was not sufficient to always 
prevent the penetration of the walls of the alimentary tract by 
virulent tubercle bacilli. In most cases this induced a caseation of the 
cervical and mesenteric lymph nodes. The chief protective effect of 
BCG seems to be in retarding the extension of tuberculous processes 
occurring from infection received subsequent to vaccination. 
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Apparently the subcutaneous method of vaccination has furnished 
protection against the development of clinical cases of tuberculosis in 
heifers in a tiibereulous dairy herd. 

The noiiprogressive tuberculous changes or the local vaccination 
lesions, or both, will render the majority of vaccinated cattle hyper- 
sensitive for a time to the intradermal injection of tuber enlin, malting 
such animals temporarily unmarketable in California except for beef. 

BCG appears to be somewhat etfective in protecting against a 
fataB® termination of massive infection. 

The resistance to tuberculosis conferred by subcutaneous, intra- 
venous, intradermic, or oral methods of administration of BCG, as 
used at the California station, is not sufficient to justify the use of the 
vaccine on cattle where measures designed to eradicate tuberculosis in 
cattle are being successfully carried out. On the other hand, in coun- 
tries or localities wdiere control measures are proving ineffective or 
where eradication seems to be hopeless for many years in the future, 
the vaccine may eventually be found of economic value to cattle owners 
by preventing the occurrence of extensive or fatal lesions and by 
limiting the spread of the disease. 

Observations of the effect of BCG in cattle, swine, rabbits, and 
guinea pigs at the California Agricultural Experiment Station have 
thus far failed to detect the production of any lesions which could be 
proved to be virulent by reinoculation. 

10 The observation that subeutaneoiis va«c.cination with BCG protects against the 
fatal effects of tuberculosis is supported by unpublished results obtained in the 
routine vaccination of monkeys kept at the George Williams Hooper Foundation 
for Medical Eeseareh, University of California, under the direction of K. F. Meyer. 
The vaccine used on the monkeys was made at the California Agricultural Experi- 
ment Station and was similar to that employed in the cattle experiments. 
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I'igs. 4 and 5. Appearance of the tubereulons lesions in the 
nated calves 5 and 6, 60 days after the subcutaneous iirjectio 
virulent tubercle bacilli into the left side of tlie neck. Co'mpar 
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Fig. 6 



Fig. 7 

Figs. 6 and 7. Nonvaccinated control calves 105 and 106, showing appearance 
60 days after the injection of 50 mg of tubercle bacilli. 




Fig. 8. Abscess in the dewlap (calf No. 1114) typical of the usual effect 
from the injection of 100 mg of BCG. Eight months after injeetioii, oti the day 
the above photograph was taken, the abscess and its siirrouruling tissues were 
removed surgically. Intra dermic hypersensitiveness to tuberculin gradually 
decreased in this calf, although after 18 inoutlis the animal was found to be still 
slightly liypersensitlve to ophthalmic and intradermic applications of tuljereuliii. 


March, 1930]- Earing ct al.: Vaccmation of Cattle with BCG 


389 



Fig. 9. Section of the left fore quarter of the udder of cow No. 600, showing 
extensive tuberculous lesions. The right rear quarter of this cow was similarly 
affected. The milk from this cow was used for infection feedings on vaccinated 
calves 45 and 46 and nonvaecinated control calves 145 and 146, and resulted in 
moderate tuberculous lesions in all four. See tables 10^ and lOB, 
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Fig. 10. Appearance of the udder of cow No. 2171 on November 23, 1927. 
Tuberculous induration had distended the right rear quarter so that the teat of 
that quarter was sliortened and displaced toward the left and. to tlie fi'ont. The 
milk from tliis cow was used for infection feedings on vaccinated calves 47 and 
48 and nonvaeeinated control calves 147 and 148, jind resulted in \vell-niarked or 
extensive infection in all four. Tlie vaecinate<l (aalves remained in goo<l general 
condition. The nonvaeeinated controls died of tuberculosis. 8ee tal>h‘s 10/1 
and 10.^. 
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See page 393 for illustrations. 

Pig. 12. Transeetions of mesenteric and ileocecal lynipli -nodes, showing 
caseous and caseocalcareoiis areas. The normal tissues have been partially trimed 
away. This illustration shows in natural size all of the tuberculous lesions found 
in vaccinated calf No. 38. Compare with lesion syinl)o]s for this calf in table SJ. 

Fig. 13. Transections of caseous and caseocalcareoiis lymph nodes from, con- 
trol calf No. 138. Left to right, top row, left retropharyngeal, right ])resciipula.r, 
right retropharyngeal; second row, anterior and median mediastinal and three 
mesenteric; third row, five mesenteric; lowest row, two mesenteric, one colic, one 
gastrohepatic. The normal tissue has been partially trimine<l away f rom each node 
shown. No lesions were found in calf No. 13S otiier than those shown in figures 
13 and 14, except in the retropliaryngeals which were studded througliout as 
shown on the cut surfaces in figure 13. (Natural size.) 

Pig. 14. Appearance, natural size, of a caseous nodule in a Peyer^s patcli, 
ileum of calf No. 138. The mucous membrane has been removed to show the 
caseous material beneath. Acid-fast bacilli were demonstrated to be present in 
large numbers and inoculated guinea pigs developed tnbereiilosis. 
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Pig. 14 

See page 392 for explanation of above. 
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Fig. 15 
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Fig. 17 











Fig. 15. Appearance of the surface of a portion of the lung, natural size, 
pleura intact, of calf No. 82 (see table 15). The white s])ecks are lesions resulting 
from the intrarenous injection of BCG-. Calf No. 82 was l)utchere(l while in 
apparently good health 30 days after the injection of 100 ing of BCG into a 
jugular vein. 

Fig. 16. Aj)pearanee of a section through one of the nodules in the lung of 
calf No. 82. The black mass in the center consisted of clumped acid-fast bacilli. 
Staining: Ziehl-Neelsen and methylene blue. (Enlarged 20 x.) 

Fig. 17, Appearance of the surface of the lung, pleura intact, of swine A, 
showing a typical nodule caused by BCG (see table 15). (Enlarged 5 x.) 

Fig. 18. Appearance of a section through one of the nodules in the lung of 
swine A. The dark mass in the center consisted chiefly of acid-fast bacilli. 
Staining: Ziehl-Neelsen and methylene blue. (Enlarged 40 x.) 
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SPIROCHETES AS THE ETIOLOOICAL FACTOR 
IlSr CERTAIN SPECIFIC NECROSES AND 
HYPERPLASTIC FORMATIONS 
IN SWINE 

J. A. HOWARTHi 


Tlie liig’lx percentage of young swine on the Pacific Coast of the 
United States affected wdth rhinohyperplasia- and scirrhous cord 
(neoplastic formations in the scortum following castration) has been 
the incentive for some investigations, which are herewith reported. 

Published observations concerning a form of rhinitis in swine called 
‘snuffling sielmess’ appeared in the German veterinary literature as 
early as 1860. Haubold/^^ Harms/-^ Wulff,^®^ and Ostertag/"^^ con- 
sidered the cause to be a rachitic swelling of the ethmoid and sphenoid 
bones. According to Schell, sarcomatous growths produced the symp- 
toms, while Haubner^®^ considered it a form of tuberculosis, and Dam- 
man believed some eases to be caused by aetinomyees, and others by 
abnormal development of the nasal bones. Schneider reported a form 
of ‘snuffles^ caused by the rudimentary development and curvature of 
the turbinated and ethmoid bones leading, in some cases, to a bloody 
purulent nasal discharge. Iminger,^^^ after observing a large number 
of eases, decided that the disease was infectious. He reported cases 
ill wdiich the cerebral tissues were involved. 

Priedberger and Prohner^^®^ pointed out that several of the German 
authors had described a disease of pigs which is evidently not uniform 
in character, since sometimes the primary ailment seemed to be rickets, 
and at others a ehrOnic hemorrhagic, suppurative nasal catarrh pos- 

i Associate in Veterinary Science. 

STMs disease has "been called bull nose, snufles or necrotic rhinitis by veterin- 
arians and swine owners in the United States. ‘ 
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sibly of an infections nature. Friedberger and Frobiier also- classed 
rliiiiitis in swine under two forms (a) catarrlial and (b) rickety. 
Koske^^^^ attributed an infectious form which, lie studied, to^ Bacillus 
'pyocyaneus; and, since that time, most writers on the subject ha,ve 
given that organism as the cause of infectious rhinitis, and rachitis 
as the cause of noninfectious rhinitis. These writers include Hutyra 
and Marek/^^^ Craig, and Lynch.<^^^ Kinsley, however, review- 
ing the German publications under the title, ‘^Infectious Nasal Ca- 
tarrh,’’ describes acute and chronic forms of rhinitis, both of which 
he attributes to the inhalation of dust or other irritating substances, 
to sudden changes in temperature, or to association with other diseased 
conditions, particularly swine x>lague and hog cholera. 

In 1917, a leaflet, “Necrobacillosis in Pigs,”<^^^^ was issued by the 
United States Bureau of Animal Industry in which necrotic rhinitis 
was listed among the pathological conditions considered to be necro- 
bacillosis, and the statement was that “the origin of all forms of 
necrobacillosis is the Bacillus necrophorusJ^ In the following year, 
Graham^^^^ described necrotic rhinitis, ‘sniffles’ or bull nose as being 
caused by Bacillus necrophorus. 

Some bacteriological examinations of neoplastic tissue from the 
sinuses of the head, from the snout and from the scrotal region of swine 
were made by the writer in 1926-1927 at the School of Veterinary 
Medicine, State College, Pullman, Washington. In every case, a micro- 
scopic examination showed the presence of spirochetes. At the Uni- 
versity of California, Branch of the College of Agriculture at Davis, 
abundant material became available, and here, also, examination of 
the neoplastic tissue from a large number of pigs always revealed the 
presence of spirochetes. However, the writer found indications that the 
spirochetes might be the specific cause of both rhinohyperplasia and 
scirrhous cord in swine. These organisms, in addition to being always 
present, were observed close to the line of necrosis and also deeper in 
the neoplastic tissne than other organisms. 

In 1894, Theobald Smith^^®^ submitted a report entitled “Coarser 
and Finer Spirilla in the Intestines of Hogs.” Twelve years later, 
Dodd^^®^ described a disease of the pig due to a spirochete, which he 
considered the cause of superficial bodily ulcers that averaged about 
three-fourths of an inch in diameter. These spirochetes varied in 
length from 9 to 26 microns, the average being from 14 to 16 microns, 
and with from 2 to 6 spirals. Cleland^^®^ of West Australia published 
in 1908 an article on spirochetes in castration tumors of pigs. This 
spirochete was 10 to 24 microns long, with 2 to 6 spirals. King and 
Baeslaek^®^^ in 1912, published a report stating that they found spiro- 
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chetes in the blood of hogs suffering from hog cholera. King, Baeslack, 
and Hoffinan^“^^ in 1913, observed spirochetes in the blood of hogs 
infected with cholera. This organism averaged from 5 to 7 microns in 
length and 1 micron in width. Later in the same year, King and 
Hoffman^^^^ published an article entitled ^^Spirochaeta Suis as a 
Pathogenic Organism in Hog Cholera.” Nomi and Matsuo*^-^^ pub- 
lished in 1922 their studies on spirochetes in swine, and in a synopsis 
of the work in English at the end of the article divided the organisms 
into two general groups as follows: '*One is of a very fine spiral form 
about 10 to 15 microns in length, and some of the organisms belonging 
to this group are 27 microns long, hut they seem to have developed into 
a stage of division. The spirals are irregular and vary in number 
from 2 to 8 or even more. The spirals are 0.5-5 microns long and 1-2 
microns deep. The dimensions of the body are too small to allow of 
measurement, but appear to be about micron. The other is 10-15 
microns long and twice as wide as the former and well observed by the 
use of Giemsa’s stain. The spirals are relatively regular and about 
10 in number. The length and depth of the spirals are 1 micron.” 
Sehmid^^®^ in 1925, described a disease occurring in southwest Africa 
in which pigs were affected with lesions on the skin and tumor-like 
swellings on different parts of the body. Microscopic examinations of 
material from these lesions showed immense numbers of spirochetes. 
Descazeaux^2®> in 1926, reported finding spirochetes in affections of 
pigs in Chile. He was unable to reproduce the affection by intracu- 
taneous or subcutaneous inoculations of healthy pigs. 


GROSS APPEARANCE OP THE NEOPLASTIC FORMATIONS 
AND RHINOHYPERPLASIA 

In the eases studied by the writer, the tumor-like formations 
located in the region of the castration wounds varied from 2 cm to 
30 cm in diameter. The weights of these formations after surgical 
removal varied from 2 ounces to 22^/2 pomids. In the early stages, the 
mass was very firmp but later, fluctuating areas were found, upon 
palpation. Abscess formation took place, later breaking down and 
forming fistulous tracts to the outside. Foul-smelling fluid was con- 
stantly emitted, which dried over the exterior, forming a crust of 
varying thickness. In these cases, the fluid was enclosed and caused 
even more intense destruction of tissim. 

In the cases of rhinohyperplasia, the face was more or less distorted. 
There was a severe inflammation of the membranes lining the nose, 
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and in some eases gangrenous and necrotic areas were foimcl. There was 
a great thickening oi the snout; and, in the more chronic and long- 
standing cases, necrosis of the bones was not infrequent. Some ani- 
mals showed bulging of the bones of the face, due to pressure of the 
accumulating infiaininatory material in the sinuses ; and this pressure 
on adjacent structures caused yarious anatomical alterations. The 
most common complication was the obstruction of the nostrils which 
prevented sufficient passage of air. 


Fig. 1. Tumor-like formations located in the region of the castration wounds, the 
weight of which after surgical removal was 22% pounds. 


The writer, after a careful study of a great number of eases of 
uncomplicated rhinohyperplasia, has been unable to reveal any gross 
skeletal changes, such as beading and bending of the ribs, 
the sternum, enlargement of the costochondral junctions or epiphyseal 
ends of the long bones so characteristic of mammalian rickets. Cranio- 
tabes were never demonstrable in the flat hones of the skull. Histolog- 
ical evidence of rickets has never been present in any of the cases ex- 
amined with this condition. At this Station a study of the effect of light 
rays and restricted nutritional regimes on skeletal deformities of hogs 
has been carried on by E. H. Hughes of the Animal Husbandry 
Division. In this work 75 head of hogs have been maintained for 


Fig. 2. Scirrliotts cords after surgical removal; opened to show 
internal aspects of the growths. 
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several months in extremely advanced stages of rachitis witliont any 
evidences of rhmohyperplasia having been developed. This would 
seem to have effectively eliminated the supposition that this condition 
is caused by or constitutes a complication of rachitis in swine, despite 
the apparent confusion of the two conditions by the German workers 
cited in the review of literature at the beginning of this paper. 



Fig. 3. Bhinohyperplasia showing great thickening of the snout giving 
the face a distorted appearance. 


BAGTEEIOLOGY 

Three distinct organisms were ever present in smears from rhi- 
nohyperplasia and scirrhous cord conditions. There were Bmilliis 
suhtUiSyB. common saprophyte in chronic suppurative lesiom; Stapliy- 
lococcm pyogems alhtis, a secondary invader and a frequent cause of 
abscesses, boils, and surgical suppurations; and lastly, a spirochete. 
An unidentified Gram-negative bacillus with terminal spores was 
present in cultures from only two scirrhous cord cases. It grew 
seemingly in symbiosis with Bacillus suMilis, and could not be obtained 
in pure culture. Bacillm necrophorus was isolated from three cases of 
rhinohyperplasia in all of which the enlargements on the snout had 
ruptured before the animals were brought to the lahoratory. One 
other animal, pig No. 127, with a scirrhous cord, had an open lesion 
on the right front leg jnst above the knee joint. Bacillus necropkorus 
was isolated from this lesion, but the writer was unable to isolate the 
organism from the scirrhous cord. This animal afterwards developed 
an infection of the right front foot, which later ruptured ; the material 
from this lesion was found to contain Bacillus necropliorus. Spiro- 
chetes were found present in the scirrhous cord, but not in either 
lesion on the leg. 
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Subeiitaneous inoeiilations were made into rabbits with material 
obtained from the lesions in six scirrhous cord and rhinohyperiilasia 
cases respectively. In cases where BaeiMus necrophorws was fouiidj 
the rabbit usually succumbed in from five to seven days. A second 
and a third rabbit were inoculated in a similar way, with the exception 
that the material used was from necrotic areas found in the liver of the 
first rabbit injected. Following this procedure, the writer was able to 
obtain the necrophorus organism in practically a pure culture. 

Bacillus suhfdUs and the Siapliylococcus pyogenes alhus were readily 
isolated in pure culture. The same cannot be said of the spirochete. 
All attempts to cultivate it anaerobically, on whole blood, blood serum, 
ascitic agar, and in Hiss serum water, failed. The spirochetes were 
most successfully demonstrated in direct smears by Giemsa/s stain. 
Almost equally good results were obtained by gentle steaming with 
carbol-fuchsin for three minutes. The spirchetes exhibited a consid- 
erable degree of flexibility, since they straightened out easily in direct 
smears. They displayed great regularity in their convolutions when 
stained in the tissue by Levaditi's or by Warthin's methods. In no 
ease did the spirochetes show a tendency for circle formation, V, or Y 
shapes; neither did they present the right angle bending so character- 
istic of Treponema pallida. The average measurements of the spiro- 
chetes were as follows : 


Bireat smears 

Length 9 to 10 microns (variations, 
6 to 12 mierona) 

Number of turns 4 (variations, 3 to 5) 
Spiral depth 0,2 to 0.6 micron 
Amplitude 0.6 to 0.8 micron 
Width 0.1 micron 


In tissue 

7.37 microns (variations, 4.38 to 10.22 
microns) 

5.88 (variations, 4 to 7) 

0.86 micron (variations, 0,73 to 1.46 
microns) 

1.15 microns 
0.24 micron 


The spirochete ends were blunt rather than tapering. Motility in 
contents fresh from the rhinohyperplasia and scirrhous cord, as shown 
by dark field illumination, was of a rotatory nature. 


LOCATION OF THE SPIRGCHETES 

The spirochetes are found in the tissue just where the line of 
necrosis and hyperplastic tissue meet. They lie in the minute lymph 
spaces between the cells and the various fibrils. It has been impossible 
to demonstrate spirochetes in the blood smears made from the general 
circulation and obtained under conditio'ns preventing any contamina- 
tion with spirochetes on the skin or mucous membrane. Smears were 
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Fig. 5. Spirochetes in smear from rhinohyperplasia of pig No. 149. 
Giemsa's stain. Oil immersion 2 mm. Ocular No. 15. 


taken from all tke animals affected ; and, after an extensive search, it 
was proved conclusively that their presence in the blood stream would 
be accidental. Microscopical preparations and cultures were made 
from the liver, spleen, lymphatic glands, kidneys, bile, and urine, but 
all attempts to locate spirochetes were unsuccessful. 


Fig. 4. Spirochetes in smear from scirrhous cord of pig No. 1. Giemsa^s 
stain. Oil immersion, 2 mm. Ocular No. 15. 
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Fig. 6. Spirochetes in tissue lying in the minute lymph spaces between the 
cells and the various fibrils. Stained by Levaditi^s method. Oil immersion 2 mm. 
Ocular No. 10. 


HISTOPATHOLOGY 

The neoplasms of inflammatory origin, formed at the end of the 
cord and tunics, are characterized by a slow proliferative process, due 
in part to an infiltration and proliferation of the fibroblasts, often 
combined with lymphocytes, polymorphonuclear lenkocytes, and endo- 
thelial cells. The peripheral portion of the tumorous mass is made 
up of a dense, fibrous connective tissue composed of spindle or star- 
shaped fibroblasts, with a considerable variation in the size and shape 
of the nuclei of the cells, and occasionally with mitotic figures present. 
The stroma contains collagen and elastic fibers and is edematous in 
places. There are a large number of arborized blood vessels through- 
out the mass. Close to the line of demarcation between the hyper- 
plastic tissue and the moist gangrenous area, there is an altei^ation in 
the blood vessel walls, and some may be seen plugged with thrombi 
and leukocytes. Some of the small veins lying in the area close to 
the line of necrosis show thrombosis; others exhibit areas of localized 
leukocytic infiltration involving the area between the intima and 
media, so that the intima is raised and thrown into convolutions until 
in places its continuity is even broken. 

At the line of demarcation between the hyperplastic tissue and the 
gangrenous area, there is a zone composed of a great number of 
lymphocytes, polymoiphontielear leukocytes, some fibroblasts, and 
great numbers of spirochetes. As this zbue reaches the gangrenous 
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exhibit karyorrhexis, karyolysis, and pycnosis ; aiid many cells have 
completely disintegrated. Droplets of fat, bacteria, and cell detritus 
make up the remaining gangrenous area. 



Fig. 7. A, high power view of neoplastic tissue made up of dense fibrous 
connective tissue, having spindle and star-shaped fibroblasts, collagen and elastic 
fibers. B, close to the line of demarcation between the hyperplastic tissue and 
the moist gjingrenous area, the blood vessels may be seen plugged with thrombi 
and leukocytes. High power view. 

In rhinohyperplasia, the chronic inflammation of the nares lacks 
the histological features of a new growth, and in fact many cases 
showed nothing more than localized edematous areas on the mucous 
membranes. Over the snout there is a progressive hyperplasia of 
fibrous connective tissue. In long-standing cases, there is a pronounced 



Fig. 8. A, low power view, showing line of demarcation between the necrotic 
area and the hyperplastic tissue, B, high power view of hyperplastic connective 
tissue. 


inflammation of the periosteal co-verings of the bones, later resulting 
in necrosis and sequestra. Where the sinuses are involved, there is 
an inflammation and thickening of the mucosa, with an accumulation 
of necrotic, foul-smelling material, which causes a bulging of the 
already affected hones. 
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Througliout the histological examination of all the tiiniOTons masses 
derived either from seirrhoiis cord or from rhinohyperplasia^, the 
structure has remained remarkably ■ uniform. There is always that 
sharp line of demarcation between the gangrenous or necrotic area and 
the surrounding hyperplastic connective tissue, where the spirochetes 
are found lying in the minute lymph spaces between the cells and the 
various fibrils. 


ANIMAL INOCULATIONS 

Pigs 45 and 46, Duroc Jersey boars, weighing 40 pounds each, 
in good thrifty condition, were inoculated on August 30, 1928, with 
0.1 cc of material containing spirochetes taken from a necrotic area 
of scirrhous cord from pig No. 1. This infective material was placed 
into the castration wounds after removal of the testicles. These ani- 
mals developed scirrhous cords which measured approximately 22-23 
cm in diameter on December 4, 1928. Microscopic examination of 
material discharged from this growth showed the presence of spiro- 
chetes. 

Pig No. 47, a Poland China boar, weighing 45 pounds, in good 
thirfty condition, was inoculated on September 4, 1928, with 0.1 ec of 
material containing spirochetes taken from scirrhous cord of pig No. 3. 
The infective material was placed into a pocket-like incision on the 
snout, and 1 ec of the same material was put into the castration wound 
after removal of the testicles. This animal developed a scirrhous cord 
and typical rhinohyperplasia. Spirochetes were found present in the 
necrotic material from both places. 

Pigs 11 and 12, both Poland boars, weighing 40 pounds each, were 
inoculated on September 4, 1928, with 1 ec of material containing 
spirochetes from Kscirrhous cord of pig No. 3. Material was placed into 
an abi'asion in the nasal passages. The animals developed enlarge- 
ments approximately 4 cm in diameter that later ruptured and emitted 
a foul-smelling material which, on examination, showed the presence of 
spirochetes. On September 20, 1928, both of these animals showed a 
characteristic rhinohyperplastie condition. iThe enlargement was 
incised, the foul-smelling necrotic material was removed, and powdered 
antimony and potassium tartrate was placed in the cavity. Four days 
later, a considerable decrease in the size of the swelling, was noticed. 
On December 4, these animals showed very little deformity of the face 
and had apparently recovered from the infection, the hogs weighing 
approximately 150 pounds each, 
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Pigs Nos. 17 and 18, Dui'oc Jersey boars, weighing about 35 pounds 
each, and in good healthy condition, were inoculated with 0.1 9c of 
material containing spirochetes taken from necrotic material of pig 
No. 45 on November 23, 1928. This material was placed into wounds 
made on the snout. The animals developed characteristic lesions of , 
rhinoliyperplasia. 

Pig No. 19, a Poland China sow, weighing approximately 25 
pounds, in good healthy condition, was inoculated with 0.1 cc of necrotic 
material containing spirochetes taken from scirrhous cord of pig No. 
46. The material was placed in a pocket-like incision in the siibcutan- 
eous tissues of the shoulder. Three days later this animal showed 
characteristic gangrenous lesions, such as is found in scirrhous cord 
and rhinohyperplasia. There was a discharge of foul-smelling mater- 
ial from the wound, which, upon examination, showed the presence of 
spirochetes. This gangrenous area continued to enlarge and on 
December 4 was 4^/^ cm in diameter. 

Pigs 63, 64, and 65, Duroc Jerseys, weighing approximately 30 
pounds each and in good health, were inoculated on December 25, 1928, 
with 0.2 ee of material containing spirochetes obtained from a scir- 
rhous cord and rhinohyperplasia formation. The inoculations were 
made subcutaneously over the shoulder. On December 30, 1928, swell- 
ings about 4 cm in diameter had developed. These swellings finally 
ruptured, discharging a foul-smelling material which contained great 
numbers of spirochetes. At the point of inoculation, the lesions in- 
creased in size ; and on eJanuary 10, 1929, they were 9 cm in diameter ; 
the openings to the exterior were 5 cm in diameter. The crater-like 
lesions were gangrenous, necrotic, and macroscopically comparable to 
the internal aspect of rhinohyperplasia or scirrhous cord. 

Pigs 61 and 62, Duroc Jerseys, weighing approximately 38 pounds 
each, in good healthy condition, were inoculated on December 25, 1928, 
with, 'a small, piece of tissue removed from a seiiThous cord.' This 
ino,culation was made into a. pocket-like incision over , the shoulder and. 
into' the' snout. T,his piece of tissue was taken from, the hyperplastic 
area of scirrhouS' cord close to the line of necrosis., .A portion of' this, 
tissue was imbedded, ^ and stained ; on microscopical examina- 

tion it was found to contain no organism other than spirochetes. These 
auimals developed characteristic gangrenous lesions, such as are found 
in scirrhous cord and rhinohyperplasia. Necrotic material taken from 
these lesions showed, on microscopical examination, great numbers of 
^spirochetes'. 

'Digs ,'63 ,and, 64, Poland': 'China, weighing' approximately 25 ,'pounds 
each in good healthy condition, were inoculated on May 7, 1929, with a 
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pure culture of Bacillus necrophorus into two pocket-like incisions 
over tke shoulders. They developed small abscesses 1 to 2 cm in 
diameter at the point of inoculation, which later ruptured exuding a 
small amount of thick tenacious cheesy pus. The lesions were in no 
way similar to those produced by the inoculation of tissue containing 
spirochetes. On May 27 a necropsy showed no internal lesions, and 
spontaneous healing had taken place at the point of inoculation, leav- 
ing a small amount of scar tissue. 



Pig. 9. A 61, inoculated subcutaneously over the shoulder and snout 

with small piece of tissue from scirrhous cord containing spirochetes. B, pig No. 
63 inoculated with a pure culture of Bacillus spontaneous healing 

took place at the point of inoculation, leaving a small amount of scar tissue. 


A piire culture ot Bacillus necrophorus not being obtainable from 
the “American Type Culture Collection," it was necessary to isolate 
a pure culture here at this Station. This was done by the following 
procedure. Necrotic material was taken from the mouth of a calf 
affected with calf diphtheria, which on microscopic examination con- 
tained great numbers of necrophorus organisms. This infectious 
material was placed into pocket-like incisions on the side of two rabbits, 
which succumbed in 4 and 6 days, respectively. These animals showed 
abscesses in the liver, and material taken from these lesions was 


inoculated into a second series of rabbits, which on autopsy showed 
abscesses in the liver and kidneys. This procedure was carried on 
through a third and fourth series of rabbits. Infective material de- 
rived from the fourth series of animals was inoculated into gelatin 
agar media and placed in hydrogen jars at a temperature of 37.5° C. 
Great numbers of small gas bubbles appeared, followed by small 
yellowish-white colonies which doyelpped, in seventy-two hours. . . 
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INOCULATION WITH PUEB CULTURES OP ORGANISMS 
OTHER THAN SPIROCHETES, CULTIVATED PROM 
SCIRRHOUS CORD AND RHINOHYPBRPLASIA 

Pig No. 20, a Diiroc Jersey boar, weighing 35 pounds, in good 
healthy condition on November 23, 1928, was thoroughly washed to 
prevent any contamination of the skin with any spirochetal infection 
and was placed in a lot that had never contained hogs affected with 
scirrhous cord or rhinohyperplasia. The animal was castrated and 
1 cc of a pure culture of Staphylococcus pyogenes alhus was inoculated 
into the wound after the removal of the testicles. 

On November 25, a slight swelling was noticed at the seat of 
castration, which afterwards developed a small abscess; this ruptured, 
and there was a continual discharge from the wound for several days. 
The discharge was examined microscopically and found to be free 
from any spirochetes. This castration wound healed up completely 
on December 4, with a very slight thickening of the cord and skin at 
the seat of castration. 

Pig No. 21, Duroc Jersey boar, weighing 32 pounds, in good healthy 
condition, was prepared in the same manner and placed in the same 
enclosure with pig No. 20. The animal was castrated; 1 cc of a pure 
culture of Bacillus suitilis was inoculated into the wound after 
removal of the testicles. On November 25, there was a discharge from 
the wound and some thickening at the margin of the incision. This 
animal failed to develop a scirrhous cord, and on December 4 appeared 
perfectly normal. . 

Pig No. 22, a Duroc Jersey boar, weighing 37 pounds, in good 
healthy condition, was prepared in like manner, castrated, and moeU" 
lated with 1 cc of mixed culture of a Gi'am-negative bacillus and 
Bacillus sultilis into the wound after the testicles had been removed. 
On November 25, there was some thickening of the wound and a dis- 
charge from the incisions. This animal also failed to develop a 
scirrhous cord and appeared perfectly normal on December 4. 

Pig No. 23, a Poland Ghina boar^ weighing 37 poiinds, in goo 
healthy condition was prepared in the same manner, caBtrated, and 
inoculated with 2 cc of a pooled culture of these organisms, including 
the Staphylococcus pyogenes alhus. Bacillus subMlis^ and a Gram- 
negative bacillus, into the castration wound after removal of the 
testicles. On November 25, this animal had considerable discharge 
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from the castration wounds. There wms some thickening and indura- 
tion of tissue ill the locality of the operation. On December 4, this 
animal had failed to develop a scirrhous cord, and appeared normal 
with the exception of a small amount of thickening at the seat of 
castration. Pig 20, 21 and 23, December 26, were sold as healthy 
animals and free of scirrhous cord. 


ATTEMPTS TO TRANSMIT THE SPIROCHETES TO ANIMALS 
OTHER THAN THE PIG 

On August 30, 1928, four guinea pigs (Nos. 1, 2, 3, and 4) weighing 
approximately 350 grams, in good healthy condition, were castrated ; 

0. 1 cc of necrotic material, containing spirochetes taken from pig No. 

1, was inoculated into the wound after removal of the testicles. These 
animals developed, at the seat of inoculation, abscesses which after- 
wards were incised; material taken from them was examined micro- 
scopically. It was found to contain StapliylococcAis pyogenes alins, 
Bacillus suhtilis and other contaminating organisms, but was negative 
for spirochetes. These animals failed to produce any gangrenous 
lesiouvs like those found in the hog, and after repeated inociilatioiivS of 
other guinea pigs, it was impossible to produce a spirochetal infection. 

Two buck rabbits (Nos. 99 and 17) in good healthy condition on 
September 4, 1928, were castrated and 0.1 ce of necrotic material from 
scirrhous cord of pig No. 3, containing spirochetes, was inoculated into 
the wound after removal of the testicles. Abscess formation developed. 
After the lancing of these enlargements, the material was miero- 
scopically examined and found negative for spirochetes. Subcutaneous 
inoculations of 0.1 e material containing spirochetes were made 
into the same animals on September 20. These inoculations also 
failed to produce typical gangrenous lesions like those found in the 
pig; and upon microscopic examination, the material from these 
wounds wms found negative for spirochetes and also iot' Bacillus 
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THERAPEUTIC AGENTS IN THE TREATMENT OP 
SCIRRHOUS CORD AND RHINOHYPERPLASIA 

Tlierapeiitic agents wei^e tried in combating the spirochetes. It 
was believed to be necessary to use a drug having some specific action 
on this type of organism. As the infecting agent was not found 
Unhabiting the blood stream, intravenous injections were not tried. 
Because of the location of the spirochetes, it was necessary also to have 
a drug which would penetrate into the tissue enough to attack the 
organism. Antimony and potassium tartrate (tartar emetic) seemed 
to have the desired qualities. Most arsenical preparations such as 
salversan, etc., used in human spirochetosis, would be too expensive. 

The tumor-like growths were incised to allow free drainage, the 
necrotic, f oul-smelling contents were removed, and powdered antimony 
and potassium tartrate was placed into the cavities. Enough of the 
drug should be used to coat over the inside area affected. If too much 
of the powder is placed into the cavity in the presence of a thin, 
fibrous capsule, absorption will be so great as to produce poisoning 
and d eath. 

Antimony and potassium tartrate was used in an equeous solution 
and in glycerin, but the results were unsatisfactory. 

Sodium cacodylate was tried with varying results ; more experi- 
mental work will be necessary to prove its value as a therapeutic 
agent in these conditions. 

Animals Trea4ed with Antimony and Potassinm Tartrate. — ^I^igs 
Nos. 11 and 12, both Poland China boars, weighing 40 pounds were 
iiioeulated on September 4, 1928, with 1 cc of material containing 
spirochetes from scirrhous cord of Pig No. 3. Material was placed 
into , an abrasion in the ' nasal passages; The animals developed an 
enlargement approximately 4 cm in. diameter that later ruptured and 
emitted a foul-smelling material, which on examination showed the 
presence of spirochetes. On September 20, 1928, both of these animals 
showed a characteristic rhinohyperplastic condition. The enlargement 
was incised, the fonl-smelling necrotic material was removed, and 
powdered antimony and potassinm tartrate was placed in the* cavity. 
Pour days later a considerable decrease in the size of the swelling was 
noticed ; and on December 4, these animals showed very little deformity 
'■ ,nf''the,face' 'and'had apparently recovered, from; the infection, the ;pigs 
■.weighing'. about I50;poundS;'eaeh.,;: 
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Pigs 61 and 62, both Poland China gilts weighing 65 pounds, had 
rhinohyperplasia. On December 12, 1928 the enlargements were 
incised, necrotic material was removed, and powdered antimony and 
potassium tartrate was placed in the cavities. The enlargements 
receded and the wounds healed, leaving just a small thickening over 
one side of the snout. The animals were discharged as cured on 
December 26. 

Pigs 100 to 138, 38 animals in all, Duroc Jerseys, Poland Chinas, 
and Berkshires, had scirrhous cords approximately 2 to 6 cm in 
diameter, these growths having developed within the two weeks after 
castration. On December 21, 1928, the growths were incised, and after 
the necrotic material had been removed from the center, enough 
powdered antimony and potassium tartrate was then placed into the 
cavities to coat over the surface. There was considerable swelling 
within the next 12 hours, followed by an increase in the discharge 
from the wounds. One week later, the ^imals were examined, any 
loose necrotic material remaining was removed, and the cavities were 
washed with a mild antiseptic solution. Fourteen days following the 
placing of the powdered antimony and potassium tartrate in the 
cavities of these scirrhous cords, the animals were discharged as cured 
and sold on January 9, 1929, 


SUMMAEY 

Spirochetes were present in all tissue specimens of scirrhous cord 
and rhinohyperplasia. The spirochetes were easily demonstrated ih 
the discharge from these conditions when stained with carbohfuchsin 
and Giemsa^s stains. In the tissue preparations, stained by Levaditi^s 
and Warthi^^^^ the spirochetes were observed close to the 

line of necx'os^^^^ 

BdciUus siMilis and Staphylococci^ pyogenes alhm were also 
always present in the discharge, and a Gram-negative bacillus was 
found occasionally, which, when cultured, seemed to grow in symbiosis 
with Bacillus suhtilis. 

Bacillus necrophorus was isolated from three cases of rhinohyper- 
plasia, and the organisms were assooiated in each case with spirochetes. 
As a result of the observations and experimental work, the conclusion 
seems justified that the presence of spirochetes in every case indicates 
that they are the etilogical factor in these hyperplastic growths, and 
the Bacillus necrophorus^ a secondary invader. 
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Tlie spiroeliete has not been cnltivated in pure culture. The 
spirochetes are located more deeply in the lesions than the other 
organisms^ this fact suggesting their pathogenic influence, and etiolog- 
ical relationship in the production of scirrhous cord and rhinohyper- 
plasia. 

Scirrhous cord and rhinohyperplasia could not be experimentally 
reproduced by injection of the pure cultures or pooled cultures of 
organisms other than spirochetes isolated from these lesions. When, 
however, the mixed cultures containing the spirochetes were injected, 
the diseases were readily reproduced. 

The inoculations of pure cultures of Bacillus necrophorus into 
healthy pigs, did not produce lesions similar to those obtained by the 
inoculation of tissue containing spirochetes. 

Work done heretofore on the eifect of light ray>s and restricted 
nutritional regimes on skeletal deformities of hogs has eftectively 
eliminated the supposition that rhinohyperplasia is caused by or 
constitutes a complication of rachitis in swine. 

Antimony and potassium tartrate (tartar emetic) was tried as a 
therapeutic agent, with about 90 per cent recoveries; but precautions 
were necessary to prevent poisoning from absorption because of too 
large amounts placed in the incised growths. 
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STUDIES OF THE BREEDING OF SUGAR BEETS 
FOR RESISTANCE TO CURLY TOP 

KACBOERINE ESAUi 


UNTTRODUCTION 

The nature of the injury caused by curly top and the importance 
of this disease to the sugar~b«et industry in certain western states have 
been recognized for many y^ears and have been discussed by 
Carsner and Stahl/®^ and Severind^’d^^ 

Studies of the behavior of beets affected with curly top have shown 
that individual beets vary as to their susceptibility to this disease. 
Reference is made here not only to observations of the writer but to 
those of Carsner and StahL®^ and Carsner.^®^ These observations have 
suggested the possibility of developing curly-top-resistant strains by 
selecting the least affected individuals among infected beets in com- 
mercial fields. 

Carsner^;*^ has shown that resistance to curly top is an inherent 
characteristie in individual beets. Several of the strains which he 
selected for resistance to curly top were definitely more resistant than 
the commercial beets with which they were compared/ Furthermore, 
he found that some other morphologically uniform strains which were 
developed without reference to curly top showed constant differences 
in'^susceptibility to' this disease. 

t CU^aclaate Assistant in Botany. 
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Some conclusive results with regard to resistance of sugar beets to 
curly top have also been obtained by the writer. The work upon which 
these results are based was started by the Spreckels Sugar Coiripany 
in the Salinas Valley, and was later transferred to the Branch, of the 
College of Agriculture, Davis, ■California. Several strains resistant 
to the disease have been developed and their eharacteristics studied 
during three years at King City, California, and during two niore 
years at Davis. This work is reported in this paper. 


METHOD OF BREEDING FOR RESISTANCE 

Curly-topmesistant strains were developed by selection. Plants 
which showed resistance in commercial fields, in which the beets were 
severely affected by curly top, served as the initial selections. The 
appearance of the leaves was employed as the basis of the first selec- 
tion, which was usually undertaken several weeks before harvest. 
However, the plants which were seemingly less affected by the disease 
showed in every ease symptoms of curly top ; that is, immimity wuis not 
observed. At harvest time the previously marked beets were selected 
for size and shape of root. 

The progenies of these mother beets were tested under exposure to 
infection, and selections were made again within those progenies that 
showed the highest degree of resistance. In addition to a selection for 
size and shape, the percentage of sugar of individual roots was deter- 
mined, and those of low quality were eliminated. 

The seed from each mother beet was kept separate and was planted 
in individual rows. A commercial strain of sugar beet served as a 
check. The commercial variety knowm as ^Old Type/ which is. pro- 
duced by the German firm, Rabbethge and Gieseeke, was used for this 
purpose in every case, with the exception of the King City planting 
of 1925, when a commercial strain produced by the Elrench firm, 
Yilmorin and Company, was used as a check. 

Seed-bed conditions made necessary the sowing of seed at a heavy 
rate and by machine. Consequently, the amount of seed from iiidi- 
vidual mother beets was not sufficient to make more than two or three 
replications of each progeny. The commercial seed which served as a 
check was planted in many replications. The usual practice was to 
sow four progenies in four individual rows 50 or 100 feet long, and 
the fifth row with commercial seed for a check. Whenever possible the 
sets of five rows were repeated two or three times. This method was 
somewhat modified in 1929 when each progeny was sown in four rows 
25 feet long, and the fifth and sixth rows were employed as a check. 
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The preparation of the seed bed was similar to that of a commercial 
beet field. Manure and commercial fertilizers were not applied in the 
King- City experiments. The Davis tests were conducted upon a field 
which had been manured repeatedly in the past. The irrigation water 
was applied at two-week intervals, and the cultivation was done with 
wheel hoes. 

The harvesting was done by hand. The total weights were deter- 
mined in the field. Since some of the beets had to be saved for 
propagation, the topping was not done in the usual manner, but the 
leaves were cut off about one inch above the crown. With the exception 
of the 1929 test, this procedure was followed throughout. In 1929 
the beets were topped in a manner followed in eommereial practice. 

The methods of propagating the seed wall be discussed in connection 
with the description of the resistant strains. 

METHODS AND CONDITIONS OF TESTING FOR 
RESISTANCE 

Besisiance Tests in the Salmas Valley . — According to Severin and 
Henderson, the interior regions of the Salinas Valley are within 
the boundary of the natural breeding areas of the beet leafhopper 
{Eateitix tenellus Baker). They have been subject to epidemics of 
curly top almost every year since the beginning of beet culture in 
these regions, and the disease appeared consistently in a form which 
Carsner*^'^’ designated as severe. For this reason the King City and the 
Greenfield districts, which are located in the interior of the Salinas 
Valley, were selected for the resistance trials. In order to assure a 
severe natural inf eetion it was only necessary to plant the seed late in 
the spring, so as to have the beets at a very young stage at the time of 
appearance of the beet leafhopper. Carsner and Stahk®^ have shown 
that beets are most susceptible to curly top in their early stages. 

During the three seasons when extensive trials were conducted in 
the Salinas Valley, the conditions for infection with curly top were 
favorable. In 1925 the beets at Greenfield were sown on March 13, 
eleven days before the influx of leaf hoppers, and at King City on 
March 24, after leaf hoppers had appeared in the beet fields. As a rule, 
the conditions with regard to curly top at Greenfield are very similar 
to those at King City, but in 1925 the plot at Greenfield was exposed 
to a more severe infection than the other. The beets at Greenfield 
were up when the ieafhoppers appeared. Before they reached the 
thinning stage the commercial beets adjoining the trial field were 
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plowed under, and the leaf hoppers accumulated upon the experi- 
mental plot. At King City, on the other hand, no exceptionally large 
aecuiniilations of insects were observed upon the test plot ; the beets 
came up after the first appearance of the leafhoppers, and the adjoin- 
ing beet fields were not plowed under. Also, with regard to cultural 
and soil conditions, the King City plot was far better placed. Conse- 
c|uently, although at the beginning of June every plant in the check 
rows in both plots was showing nnmistakahle symptoms of curly top, 
the effect of the disease upon the King City beets was not so detri- 
mental as upon those in the plot at Greenfield. The beets on both plots 
w^ere harvested in the middle of November. 

In 1926 the beets were planted on March 29 and 30 at King City, 
The first influex of leafhoppers occurred on April 19, when the beets 
were still too small for thinning. As the trial plot was the only plant- 
ing of beets in that section of the farm (the nearest commercial beet 
field was about six miles away), the insects during the spring flights 
apparently eoiigregated upon this plot. A count of the number of 
leafhoppers taken at this time showed a population of 20 to 30 insects 
to 100 feet of row. Because of warm weather at the, time of influx, 
symptoms of the curly-top disease developed very rapidly, and on 
May 15 all of the beets in the check rows were diseased. The beets 
were harvested in the latter part of October. 

In 1927 the plantings were made at King City at two different 
dates — one on April 4, before the influx of leafhoppers, the other on 
May 5, after the influx. During the entire season the two plantings 
showed a considerable difference in the general development of the 
beets. The earlier planting was exposed not only to a very severe 
infection with curly top, but also to other unfavorable growth condi- 
tions, In the first stages of germination the young seedlings were 
weakened through the formation of a crust on the surface of soil after 
a rain, and they developed only slowly on account of the cold weather, 
which persisted until the latter part of April. About April 21 a sud- 
den rise of temperature occurred, and great numbers of aphids and 
leafhoppers appeared in the beet plots. The number of leafhoppers 
was found to be 30 per 100 feet of row. In the latter part of May all 
of the commercial beets showed symptoms of the disease. As to the 
beets that vrere planted later, the weather was moderately warm dur- 
ing germination of the seed, and the seedlings were not weakened by 
crust formation or by aphis injury. Throughout the season the May- 
planted beets had a healthier appearance than those planted in April, 
although by the middle of June the percentage of diseased beets was 
the same in both plots. Thus, as in 1925, the beets that were up at the 
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time of influx were injured far more than those that were sown after 
the leafhoppers had appeared. The April planting was harvested on 
October 17 and 18, and the May planting on October 27. 

Resistance Tests at Davis.— In the fall of 1927 the work on resist- 
ance was transferred to the Branch of the College of Agriculture, 
Davis, California. The conditions here were very different so far as 
concerns natural infestation by the leafhopper. 

According to Severin and Henderson^^^^ the Davis district is 
located in a migratory area of the leafhopper. Observations of the 
past have shown that the outbreak of the disease can be expected here 
with less certainty than in the Salinas Valley, especially in years of 
decreased population of Etiteitix tenellus. In fact, no influx of leaf- 
hoppers was observed in 1928 and 1929, and the insects had to be intro- 
duced artificially. A stock of viruliferous leafhoppers was reared in 
a greenhouse upon potted sugar beet plants in insect cages of the type 
shown by Severin. In the spring the insects were released upon the 
young beets in the trial field. 

During the winter of 1927-28 about 6000 leafhoppers were reared, 
and the beets were inoeulated by dropping three to four viruliferous 
nymphs between the heart leaves of each plant. The beets were sown 
on March 17 and were up on March 24; and the nymphs were added 
on May 15. Exceptionally favorable weather conditions were responsi- 
ble for quick germination of the seed and for the rapid growth of 
plants. Consequently, when the leafhoppers were released (May 15) 
the beets were far advanced in their development and were only 
slightly injured by the disease. On June 10, the check rows showed 
100 per cent infection, and on June 26 they could readily be dis- 
tinguished from the rows of resistant beets by the yellow color of the 
older leaves and by the severe symptoms, such as distorted veins and 
warty protuberances, upon the younger. The reduction in yield, how- 
ever, was very much less than in other years. The beets were harvested 
by the middle of October. 

In 1929 the conditions for testing for resistance were far more 
favorable than in 1928. It was possible to rear a larger population of 
insects and have them available at an earlier date than in the previous 
season. The beets were planted on March 15 and 21 ; they were up on 
March 25 and 31, and the insects were released on April 23 and 27, 
respectively. Approximately 15,000 adult leafhoppers were released 
upon an area of 20,000 square feet. This time the insects were not 
placed upon individual beets, but were distributed over the whole 
area as uniformly as possible by being shaken out of the cages along 
the rows. of beets.', " 
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The beets, which were thinned a week before the date when the 
insects were released, had four foliage leaves on the day of inocula- 
tion. The warm, dry weather of the following week was very favor- 
able for the development of eurly top. The first symptoms appeared 
on May 1. A few days after the first irrigation, given on May 14, 
all the beets in the check rows showed symptoms of the disea.se with 
the exception of a few individuals which evidently escaped the inocula- 
tion at the beginning. On May 21 the first nymphs of the new brood 
were observed. The disease continued to spread, and on July 17 all 
the beets in the check rows were infected. The beets were harvested 
during the first part of October. 


DEVELOPMENT AND TESTS OP THE P19 STRAIN 


The breeding experiments with sugar beets with regard to resist- 
ance to eurly top were started by the Spreckels Sugar Company in 
1919,^ during a year of a disastrous outbreak of the disease. The 
extent of injury caused by curly top in 1919 may be well demon- 
strated by the low yield of sugar beets at King City, which amounted 
to only 1.4 tons per acre as an average from"2600 acres. Carsner and 
StahP'^ also showed that the yield of sugar beets in several districts 
of California reached one of its lowest limits in 1919, owing to losses 
caused by curly top. The severely infected fields offered excellent 
opportunities for the initial selection of beets for resistance to the 
disease. 

Origin of the P19 Strain . — Five thousand apparently resistant 
beets were selected in the fall of 1919 in diseased commercial fields at 
King City. The following sea.son these roots were transplanted for 
seed production. During the period of blooming the seed beets were 
covered with hoods of unbleached muslin. Although Imet pollen can 
pass through this type of cloth, it offered considerable protection 
against cross-pollination, since all the beets that went to seed were 
covered. 


In 1920, 183 of the five thousand beets developed seed stalks. The 
progenies of these mothers were tested for resistance in 1921. Only 
one of these progenies was found to exhibit marked resistance to curly 
top. This one also showed considerable uniformity of morphological 
characters. 

the work before 1924 were obtained from tho unpub- 
Sugar^mpany’s Experiment Station at Spreekels, 
OaMOTma. Messrs. W, J. Hartung, E. A, Schwing, G. T. Scott, A. A. Tavcrnetti 

From Station inade the first soloetions for resistance.’ 

jrom tile wnter was m charge of the work. 
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The beets of this resistant progeny were planted for seed produc- 
tion as a group at Spreckels, California. They were not covered dur- 
ing bloom but were sufficiently removed from seed beets of other origin 
to prevent contamination ’from foreign pollen. Five mother beets of 
this group yielded seed in 1922. 

Ail five progenies from these mothers showed resistance to curly 
top in 1923 ; one progeny, consisting of seven beets, was conspicuously 
less affected than others, and it was saved for further propagation. 
This one progeny yielded in later years a comparatively uniform and 
markedly resistant strain which has been designated as the ‘P19,^ the 
'P' standing for the parental generation and the '19' for the year of 
selection of the parent root. 

Propagatian of the F19 Strain .- — Prom 1925 to 1929 the P19 strain 
was subjected to five successive ■ trials for resistance. Seed for the 
third filial generation was obtained from the seven mother beets of 
1923. These mother beets were not hooded during blooming but were 
isolated by distance in groups and individually. Mothers 1, 4, and 7 
were left as a group at King City ; 2 and 3 were planted together at 
Spreckels j 5 and 6 were isolated individually at other points in the 
Salinas Valley. The respective distances between the groups were as 
follows: between group 2-3 and mother 5, 14 miles; between mothers 
5 and 6, 30 miles ; between mother 6 and group 1-4-7, about five miles. 
The seed of these mother beets was tested in 1925. Mothers 1, 2, 3, 4, 
and 7 g^ve progenies that were very similar morphologically and 
markedly resistant to curly top ; 5 failed to set seed ; and 6 gave a 
progeny which was far less resistant than the other P19 progenies, and 
which also deviated from the latter in its morphological characters. 
No further selections were made from progeny 6. 

For the purpose of gaining time in the development of the P19 
strain some seed from five (mothers 1, 2, 3, 4, and 7) of the 1923 
mother beets was planted in August, 1924, immediately after harvest. 
No selection was made either for resistance or sugar content. The 
roots were transplanted in February, 1925, and were exposed to cross- 
pollination within the group. Twenty-three progenies of the fourth 
generation were obtained for the trial of 1926. 

The test for resistance of 1927 included 100 progenies of the 
fourth generation from beets selected from progenies 1, 2, 3, 4, and 7 
in 1925. For seed production these mother beets were segi-egated into 
three, groups, .according to their size,;and sugar percentage. , 'There was 
free cross-pollination within the groups, but the distances bot^^ the 
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groups were 10 and 15 miles. Beets which were isolated individually 
failed to set seed. The three groups of progenies which were derived 
from the three groups of mother beets did not show any significant 
differences from one another. 

The beets selected from the P19 strain in 1926 and 1927 gave the 
progenies of the fifth generation, some of which were still kept sepa- 
rate and were tested for resistance in 1928 and 1929. A few progenies 
of the fourth generation were tested again in 1929. 


TABLE 1 


EBJStTLTS or THE EHSISTAKOB TBSTS op toe P19 SmAIlf (1925 TO 1929) 


Location of 
test plots 

Date of 
seeding 

Strain 

Genera- 
tion of 
P19 

Num- 
ber of 
P19 
prog- 
enies 

Number 
of beets 
per 100 feet 
of row 

Percent- 
age of 
beets that 
survived 

Roots 
per 100 ft. 
of row, 
kgm. 

Average 
weight 
per beet, 
grams 

Early 

in 

season 

At 

har- 

vest 

Greenfield..../ 

March 13, 

P19..... 

Third 

6 


1 39 

, 

11.26 

289 


1925 

Check 




81 


7,94 

98 

King City J 

March 24, 

P19 

; Third 

5 


52 


30.76 

692 

1 

1926 

Check 




86 


21.45 

249 

King City i 

March 29, 

P19 

Fourth.... 

19 


49 


22.73 

464 


1926 

Check 




17 


1.97 

116 

King City J 

April 4, 

P19 

Fourth,.., 

100 

28 

25 

89 

8.67 

342 

1 

1927 

Check...... 



74 

37 

49 

3.78 

102 

King City i 

April 4, 

P19 

Fourth.,,. 

44 

. 29 ;l 

26 

90 

8.90 

342 


1927 

Check 



71 1 

35 

49 

3.67 

102 

King City......i 

May 6, 

P19 

Fourth.... 

44 

■ 55. ' 

64 

99 

24. M 

462 

j 

1927 

Check 



130 

80 

62 

13.65 

169 

• 1 

March 17, 

P19... 

Fifth 

6 

102 

99 

97 

67.98 

687 

Devis.,«. 

1928 

Check 



107 

101 

94 

66.92 

663 

Davis .....i 

March 15, 

P19 

Fifth 

9 

76 

69 

91 

24.25 

361 

1929 

Check...... 



138 

49 

36 

6,47 

132 

Davis i 

March 16, 

P19 

Fourth..,. 

3 

119 

112 

94 

26,87 

240 


1929 

Check...... 



143 

67 

47 

10.09 

161 


Resistance Tests of the P19 Strain . — Table 1 presents the results 
obtained with the P19 strain during five successive seasons. The pairs 
of data represent the averages of the P19 progenies and of their eor- 
responding cheek rows. The P19 progenies were grouped according 
to generations and to dates of seeding. Of the two pairs of data 
which are given for the April planting of 1927, one presents the 
average of all the hundred progenies of the fourth generation, and the 
other the average of those forty-four progenies of the fourth genera- 
tion which were also planted in May of the same year. 

In 1925 and 1926 the number of beets was determined only at 
harvest time ; in 1927, 1928, and 1929 the beets were also counted at 
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the beginning of the season, and the percentage of beets which sur- 
vived during the test was calculated from these data. It is necessary 
to point out here that the P19 strain usually gave inferior seed 
germination, so that the rows of P19 required very little thinning. 
Ihe small number of beets harvested per row in the P19 resulted, as 
a rule, from the low viability of the seed. A better stand was obtained 
with P19 in the Davis plantings, owing to the heavier rate of seeding 
and better condition of the seed bed ; in addition, the seasonal condi- 
tions in 1928 were exceptionally favorable for germination. In the 



Fig. 1. Tlie effect of curly top upon the foliage of the P19 resistant strain 
(right) and of a commercial susceptible strain (left). King Oity, June 18, 1925. 

commercial seed the germination was generally satisfactory every 
season, and the low numbers of harvested beets were due to losses 
from disease. ■ - . ■ : , 

It will be noted from table 1 that regardless of the unsatisfactory 
stand, the P19 strain gave a very much higher yield than the com- 
mercial cheek in every trial except in 1928, when the beets were less 
affected by curly top. 

In figures 1 and 2, two progenies of the P19 strain are shown in 
comparison with their corresponding checks. Figure 1 shows the effect 
of curly top upon the foliage of resistant and susceptible' beets, and 
figure 2 upon the yield of roots. In both cases the stand of beets in 
the P19 row was comparable at the beginning of the season with that 
in the check row.. 
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GharacterisUcs of the P19 Strain .— tests over a series of years 
have shown that the P19 strain is decidedly resistant to curly top and 
gives a considerably higher yield than a eomraercial strain -when both 
strains are exposed to a severe infection of the disease. The percentage 
of beets which survived the infection was consistently very much 
higher in the P19 strain, and this strain yielded roots, of larger average 
size than the commercial seed. 

Immunity, however, was never observed in this strain; all P19 
beets were infected at the end of the season, although as a rule they 



Fig. 2. The effect of ciirly top upon the yieki of roots of the P19 resistant 
strain (left) and of a commercial susceptible strain (right). The respective 
yields per 100 feet of row were 41.73 kgm, and 7.40 kgni. King Oity, October 17, 
m7. 

developed only the transpalreBt venation, and this symptom was dis- 
cernible only witlP'SomB' difficulty. .■ The avera,ge size^ of roots was 
.smaller and the. per cent age; of "surviving .beets .waS' lower when the 
tests were Tiiore;;severe,, a^'faet. which also .indicates that the ' resistance 
of the P19 strain does not constitute immunity. 

The P19 progenies of the third, the fourth, and the fifth genera- 
tions showed marked uniformity with regard to the tendency to 
develop only faintly discernible transparent venation and to yield a 
high percentage of surviving beets. The repeated selections for resist- 
ance within the strain, followed by a grouping of the closely related 
mother beets for seed production,, did not increase the resistance of 
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There was also a comparatively small range of variation in the type 
of top and root. In general the P19 strain shows low vigor. The 
foliage appears light green in comparison with that of other heets. 
The tops, are sparse, and the leaves form a fiat, spreading rosette. The 
roots are, on the average, short and broad, often semi-globular (fig. 3) . 
They show a greater tendency to develop a split crown than other 
beets grovni under similar conditions. As this splitting frequently 
occurs at an early >stage, multiple crowns are a common characteristic 
of larger P19 beets. There is usually a tinge of pink on the epicotyl, 
which frequently spreads upon the hypocotyl and the petioles of 
the leaves. 

The greatest difterences between the individual progenies of the 
P19 strain were found in the viability of the seed. A significant varia- 
tion was also observed in the average size of the plants, which was 
correlated not with the differences in the stands of beets but with 
variation in vigor and degree of resistance in the individual progenies. 

Sugar Analyses of the P19 Strain . — Determinations of the sugar 
content were made in 1925, 1926, and 1927, for the purpose of selec- 
tion of mother beets for further propagation. Only roots of the best 
shape and size were chosen for the sugar test, and each root was 
analyzed individually. In 1927, 1928, and 1929, samples of beets 
of some of the P19 progenies and of their corresponding check rows 
were also tested as composite samples like ordinary field samples. 

The sugar percentage was determined b^^ a method of simple 
polarization, the Herzfeld modification of the Sachs-Le-Docte process 
being employed. At Spreckels the process was carried out by hot- 
water digestion, and at Davis by cold-water digestion. One-fourth 
of the ^normal weight' of pulp (the universally adopted ^normal 
weight' of sugar-containing substance for the polarimetric methocl of 
analysis is 26 grams) was digested with one-fourth of the ^constant 
volume' of lead subaeetate solution (the ^constant volume' in the 
Sachs-Le-Docte process is 177 cc), which' was prepared according to 
the directions given in handbooks of sugar analysis. Pulp samples 
were obtained with the Keil boring rasp. 

Table 2 shows the averages of the results of the sugar analyses of 
individual beets of 1925, 1926, and 1927. It gives a comparison, with 
regard to sugar content, of P 19 and commercial beets of approxiinately 
the same size. The number of analyzed beets was very small in the 
commercial checks because a high percentage of the plants in the 
check rows had died or were severely stunted at the end of the season. 
'Earely 'a plant had grown ito affair size either ' because '■ of some; acci- 
dental combinatton of ffavorable. factors, or^hecause it possessed a cer-' 
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tain degree of resistance. These occasional individuals were selected 
and tested for sugar, with the object of using them as new initial 
selections for resistance. 

The unsatisfactory seed germination caused a wide spacing of the 
beets in most P19 rows. When the area that is available to a beet 
plant is greater than is necessary for its normal nutrition, vegetative 
growth is favored and the sugar percentage is reduced. Unsatisfac- 
tory stands may have caused a reduction of sugar percentage in the 
P19 beets. However, since early in the season the cheek rows also 


TABLE 2 

Averages or the Ebsuuts O'F Sugar. Analyses ot In»ivh>ita.l Bi'IIEits of ^phe PIO 
Strain ani> of the OO'RREsfO'Nmng GoaimeRiCial Checks, 1925, 1926, 1927 


Location of 
test plots 

Date of 
seeding 

Strain 

Num- 
ber of 
beets 
tested 

Average 
weight 
per beet, 
grams 

. _i 

Average 
per cent 

Suga 

Grams 
per beet 

,r 

Rani 
varia 
per i 

Lowest 

?<3 of 
■tioii, 
cent 

Highest 

Greenfield 

Mar, 13, 1925 / 

P19 

53 

608 

15.3 

93 

9.0 

19.2 


] 

Check 

10 

603 

18.5 

112 

16.6 

20,0 

King City 

Mar. 24, 1925 / 

P19 

191 

910 

14,7 

134 

8.0 

19.0 



Check 

37 

859 

17.8 

153 

13.8 

20.8 

King City... 

Mar. 29, 1926. / 

P19 

306 

773 

13,0 

100 

8.8 

17.6 



Check 

21 

752 

13.8 

104 

10.4 

19,4 

King City 

April 4, 1927 / 

P19 

363 

865 

12,6 

109 

9,4 

16.6 


\ 

Check 

20 

1084 

13.2 

140 

10,4 

19.4 

King City 

Mays, 1927 / 

P19... 

466 

984 

13,1 

129 

8.2 

19.2 



Check 

69 

1030 

16.1 

166 

12.6 

21.6 


showed deficient stands under the influence of the diKsease, the values 
obtained for the sugar percentage of the P19 and the commercial 
beets can justly be regarded as comparable. 

Table 3 presents the results of sugar analyses of composite samples. 
In addition to the late spring plantings, some seed was sown in 1927 on 
January 27, i.e., three months before the appearance of the leaf- 
hoppers, These beets were comparatively old when the inoculation 
first took place (April 21) and the effect of the disease was not suiii- 
eiently strong to reduce the yield of the commercial seed below that of 
the P19. The test plot of 1928 was also subjected to a mild infection. 
The April planting of 1927 and the planting of 1929 were very severely 
affected by curly top. Thus, the data given in table 3 may be grouped 
in two distinct sets : one comparing the P19 beets and the commercial 
seed under conditions of mild infection, the other under those of a 
severe infection. « 
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. When the pulp samples were made up the twO' sets of beet samples 
had to be treated somewhat dilferently. In the lots grown under more 
favorable conditions none of the beets were stunted by the disease, and 
all could be sampled with the sampling machine. The two other lots, 
on the other hand, contained some roots which were too small for 
sampling (below 45 grams in weight). These were eliminated. In 
calculating the sugar per 100 feet of row, the discarded beets were 
assumed to have the same sugar percentage as the beets that were 
tested. When severely affected by curly top, the P19 lots contained on 
the average 80 per cent of beets suitable for sampling, and the com- 
mercial checks 40 per cent. 


TABLE 3 

SuoAa Anaxysks or Composite Samples: op the P19 anl the OoREESPONniNG 


Checik Bowsi, 1927, 1928, 1929 


Location of 
test plots 

Date of 
seeding 

Strain 

Average 
weight 
per beet, 
grams 

Sugar 

Per cent 

Grains 
per beet 

Kilograms 
per 100 feet 
of row 

Kinia; City 

Jan. 27, 1927. f 

Pig 

643 

15.6 

100 

9.20 



Check 

794 

17.9 

142 

13.06 

King City... 

April 4, 1927 | 

P19 

425 

13,3 

56 

2.74 



Check 

225 

14.9 

34 

0.51 

Davis... 

March 17, 1928 f 

Pig ! 

725 

16.0 

109 

10,20 



Check 

718 

18.0 

129 

12.05 

Davis 

March 15, 1929 j 

P19 

492 

14.1 

69 

3,42 



Check 

264 

16.1 

43 

1.04 


The sugar analyses, as given in tables 2 and 3, show that the P 19 
beets tested consistently lower than the commercial. The sugar per- 
centage varied in both the P19 strain and in the commercial seed. In 
general, the more severe the test, the lower was the sugar percentage 
in both strains. Thus, in 1926, 1927, and 1929 the beets tested lower 
than in 1925 and 1928, and in 1927 the April-planted beets had a lower 
sugar percentage than the January beets. The difference between the 
P19 and the eommereial seed decreased somewhat with increase of the 
severity 'of the test. 

It has not been determined whether the increase in the degree of 
infection alone was responsible for a decrease in sugar percentage. In 
all probability, in the cases described, this decrease resulted from a 
combination of several unfavorable factors of growth, one of these 
being the severe infection with curly top. 
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Under more favorable conditions the total yield of sugar per 100 
feet of row was higher in the commercial beets than in the P19. How- 
ever, iinder- conditions of severe infection tlie P19 gave a higher yield 
in total sugar than the comniereial seed. 

Conclusions Coneerni/ng the Plf) St7wn , — Ihie IU„9 strain was 
found to possess a decided resistance to curly top. Evidently, how- 
ever, this strain has no commercial value, owing to the following 
characteristics: (1) the low viability of seed; (2) the reduced vigor; 
(3) the eomparatively low sugar percentage; and (4) the undesirable 
shape of root. 

This strain may, however, be profitably employed in hybridization 
work. This would involve hybridization of the P19 strain with those 
of greater vigor, of higher sugar percentage, and with better shape of 
root. Improvement of the viability of the seed is also expected from 
such hybridization. 


HYBRIDIZATION EXPERIMENTS WITH THE P19 STRAIN 

Method of HijhridimMon . — ^The hybridization experiments were 
only of a preliminary nature. Hand-pollination methods were not 
used. The two beets to be crossed were merely set out together and 
were allowed to cross-pollinate freely. If one of the two beets sent up 
seed stalks earlier than the other, these were cut back, and in this 
manner both beets were forced to bloom sinmltaneously. The distance 
between the two plants was only two feet, so that during blooming the 
branches of the plants were partly intertwined. Furthermore, the seed 
stalks were frequently shaken during an thesis. 

Usually a high percentage of hybrids can be expected in the 
progenies of beets planted under such conditions. Arel::ii:n:iovitch^''‘'^ 
found, ''in progenie.§ of ,17 sugar beets which were distributed' among 
tabletbeets,. an av'erage of 90.75 per cent hybrid plants. ' The lowest" 
percentage of hybrids .obser'ved . was 70.20, In all. probability these 
values.,; would, 'have' been 'Still /higher if it were.,possible''tO'' recognize not" 
only the hybrids between the table and the sugar beets, but also those 
between the sugar beets themselves. Hallquist^^^ analyzed 13 proge- 
nies of sugar beets which were exposed to eross-pollinatiOn with table 
beets. They were planted in a field of table beets in such a manner 
that the distance between the sugar beets themselves was 25 meters, 
but they were surrounded by table beets. He found cross-fertilization 
in 98,4 per cent of the cases. The lowest percentage of identified 
hybrids was 75,6, and the highest,, TOO, 
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Individual beets exhibit considerable variation with regard to self- 
fertility, as has been shown by Grinkod®^ On the average, however, 
cross-fertilization is the rule, especially in strains which show high 
sterility midei* conditions of self and close-pollination. Sterility was 
strongly pronounced in the P19 beets which were isolated individually 
or in groups of closely related plants. 

Results of Ilyhridization . — In the discussion of the results obtained 
with P19 beets which w^ere exposed to cross-pollination with beets of 
other origin, no attempt will be made to analyze the inheritance of 
resistance or any other character. The data at hand are not sufficient 
for such an analysis. It is possible to show, however,^ that some definite 
changes of the eharacteristics of the P19 strain have been secured. 

With reg^ard to improvement of vigor and shape of root, the most 
successful results were obtained by exposing a P19 beet to cross- 
pollination with a beet of the California resistant strain developed by 
Dr. Eiibanks Carsner of the United States Department of Agriculture. 
The two strains show marked morphological differences. T.he P19 beet 
roots are short and broad ; those of the California, long and tapering. 
The tops of the P19 are sparse, form a flat rosette, and have a pale 
green, color ; those of the California are more dense and erect, and 
the leaves are of a darker color. Both strains are markedly resistant 
to curly top, and are low in sugar. 

The seed from the two mother plants which were crossed was kept 
separate. Some of the seed from each mother was planted immediately 
after harvest, and the stecklings were transplanted in groups and 
individually in the spring of 1928. Two progenies of the PI genera- 
tion (reciprocal crosses) were available for the test of 1928, and 
several lots of P2 progenies for the test of 1929. 

Both plants of the parental generation yielded abundant seed of 
high, viability.' The. .resulting progenies showed a markedly increased 
vigor. This eliaracter was observed during the second as well as dm*-' 
ing the, first .'year of growth, for the transplanted roots developed 
'■unusually vigorous 'seed stalkvs, ' and seed was set abundantly* 

' With/.'Tegarcl to resistance,’’ ■ sugar percentage and morphologic 
characteristics, tho' two p.rogenies .(he.,, reciprocal crosses.) of the, PI,,, 
generation were sim The characteristics of the top of the Cali- 
fornia beat, such as length of petioles, erectness, and darker color, 
appeared to be dominant. The roots were long, resembling those of 
the California strain. The sugar percentage was comparable with 
that of ,,'th6 p.a'rent’:.st'rain,s.,;,y ^ 

As the conditions of curly dop inOcuk^^ were not favorable in 
1928, the reduction in yield in the commercial beets waS' slight in 
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comparison with the P19 strain (see tables 1 and 5). The hybrid 
progenies, however, gave a very much higher yield than either the 
commercial or the P19 seed, owing to their higher vigor. 

Table 4 gives the weight and sugar percentage of the mother plants, 
and table 5 presents the results obtained with the FI generation. 

The progenies of the P2 generation of the P19 x California hybrid, 
which were tested under conditions of severe infection in 1929, showed 
a remarkably high degree of resistance. They gave a yield not only 

TABLE 4 

OHAEAOTEiRISTIGS OF P19 ANO OaMFORNIA MOTHER. BBETS^ WHIO'H WeiREI XTsEII) FOE 

HyBR.IBTZA'TIO'N 



Weight 

Sugar 

Pedigree No. 

of root, 
grams 

Percent 

Grams 
per beet 

628/26-~Pl9 

577 

16.4 

95 

814/26~Calif 

1,615 

14.6 

236 



TABLES 

Besistaftc© Test of the FI Genera, tton" of the P19 x Caupornia Hybrio, 1928 



Roots 

Average 
weight 
per beet, 
grams 

Sugar 

Strain 

per 100 feet 
of row, 
Kgm. 

Per cent 

Kilograms 
per 100 feet 
of row 

Pl99XCalif.c?Fl 

167.69 

1,460 

14.2 

22.39 

Calif, $XP19^ FI 

PIQ fiff.h gfAinArfi+.inTi 

140.71 ’ 

67.98 

1,393 

687 

14.2 

16.0 

19.98 

10.20 

Checks 

62.03 

634 

17,9 

11.10 


very mnch higher than the commercial checks, but also higher than 
any other resistant strain. Purthermore, while every beet in the 
commercial cheeks and in all other strains, including the P19, showed 
symptoms of curly top, the hybrid progenies had a high percentage 
of beets which failed to develop the symptoms. A possible explanation 
of this eondition is that the curly-top virus might have been extremely 
attenuated in the symptom-free beets. Gases of sneh extreme attenua- 
tion of the virus in resistant beets have been reported by Lackey/®^ 
Table 6 presents the results obtained with the F2 generation. 
Plate 1 shows the behavior of the F2 progenies under the severe infec- 
tion of 1929. Figures 3, 4, 5, and 6 show the effect of hybridization 
upon the shape of the P19 root 
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Fig. 3. Types of roots of the P19 strain. The three types represented on the 
right-hand side occur more commonly than the one on the extreme left. 



X^ig. 4. Types of roots of the California strain. 


Tables 5 and 6, figures 3 to 6, and plate 1 show that the progenies 
obtained through hybridization of the P19 with the California strain 
are far superior to the P19 strain with regard to vigor and to shape 
of root! : , 

the object in view of increasing the percentage of sugar in 
the P19 strain, a P19 beet was exposed to cross-pollination with a beet 
of the strain 651-3 produced by Br. Dean A. Pack of the United 
States Department of Agrieuiture. This strain was developed for 
high yield and high sugar percentage and without reference to curly 
top. Incidentally it was found to be somewhat resistant to curly top. 
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Fig. 5. Types of roots of a P19 $ x California c? progeny* 



Fig. 6. Types of roots of a California 5 x P19 c? progeny* 


Table 7 shows the characteristics of the mother plants, and table 8 
presents in. a preliminary way the results of the resistance test of the 
PI generation. " , " 

Table 8 shows that the P19 x 651-3 hybrid progenies of the two 
reciprocal crosses have a marked degree of resistance and a high sugar 
percentage. A comparison of this table with tables 2 and 3 shows that 
these hybrid progenies are far superior to the P19 with regard to 
sugar percentage; 


April, 1930] l^sau: Breeding of Stigar Beets for Besistanee to Curly Top 


433 


TABLE 6 


Beisist'ANC'EJ Tii:,«T' O'F, thk E2 Gbnkration'.of the P19 x CALiFORiNTA Hybrid, 1929 


Strain 

Number 
of beets 
per 100 feet 
of row 

Per- 
centage 
of beets 
that 
sur- 
vived 

Percent- 
age of 
beets 
that re- 
mained 
free from 
symptoms 

Beets per 

100 feet of 
row, Kgm. 

Average 
weight 
per beet, 
grams 

Sugar 

Per 

cent 

Kilo- 
grams 
per 100 
feet 
of row 

On 

Mays 

At har- 
vest 

Tops 

Roots 

Tops 

Roots 

P19 9 XCalif.cf’ 

140 

134 

96 

67 

31.98 

136.40 

239 

1018 

13.7 

18.69 

Calif. 9 XPlOcf' n 

140 

129 

92 

63 

32.34 

112.95 

251 

876 

12.7 

14,34 

Pl9 9XCalif.c?' FI 

128 

124 

97 

54 

43,95 

151.55 

355 

1222 

12.8 

19.14 

Averase of checks 

139 

55 

40 

0 

0.87 

7.32 

16 

133 

16.2 

1.19 

P19 fifth generation 

76 

69 

91 

0 

7.59 

24.25 

110 

351 

14.1 ' 

3.42 

Average of checks 

138 

49 

36 

0 

1.67 

6.47 

34 

132 

16.1 

1.04 


TABLE 7 

Characteristics of P19 and 651-3 Mottifir. Befits. Which Weire Used for 

Hybridization 




Sugar 

Pedigree No. 

Weight 
of roots 
grams 

Per cent 

Grams 
per beet 

1973/27—P19 

1,928 

11.0 

212 

1975/27-651-3 

1,162 

17.0 

198 


TABIjE 8 

Besistanch Test of the El Generation, of the P19 x 651-3 Hybrid 


Strain 

Number 
of beets 
per 100 feet 
of row 1 

Percent- 
age of 
beets that 
survived 

Beets 

per 100 feet 
of row, kgm . 

Average 
weight 
per beet, 
grams 

Sugar 

On 

May 8 

At har- 
vest 

Per 

cent 

Kilograms 
per 100 feet 
of row 

Tops 

Roots 

Tops 

Roots 

1973/27-P19 9 

'■ ■' ' ' Kl. .............. 

133 

130 

98 

8.76 

33.16 

67 

256 

17.2 

5,70 

1975/27-"661--3d' ■ ' ■ ' 










1976/27-651-39 ,,, 

144 

130 

90 

8.07 

43.09 

62 

332 

17.3 

■; 7.46, 

1973/27-*P19cf 










Average of oheoks... 

145 

66 

[ ■ 46 ■ 

1.99 

8.63 

31 ' 

131 

16.8 ■ 

/..'A. 35 
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MASS SELECTIONS FOR RESISTANCE 

Seed ProdticUon . — Additional selections, for resistance in com- 
mercial fields and in commercial cheek rows in the trial plots were 
carried out each season. The mother beets of the later selections were 
treated en masse^ because suitable locations for the isolation of seed 
beets were scarce, and most of them were reserved for the P19 strain. 
The initially selected beets were planted together and were allowed to 
cross-pollinate freely within the group. However, the seed from 
individual mother beets was kept separate. In the succeeding' genera- 
tions the mother beets were grouped according to size and sugar 
percentage, but were not hooded. 

It was found that most of the beets of initial selections did not 
produce any seed ; and those that did go to seed yielded, with a few 
exceptions, progenies which showed at least some degree of resistance 
when compared with an ordinary commercial strain. Carsner and 
StahL®^ call attention to the fact that curly top materially affects the 
production of beet seed. Curly-top-diseased beets either fail to go to 
seed in the second year or produce only dwarfed, diseased stalks. The 
probability is that in the case of the initial selections from severely 
diseased beets in commercial fields, the majority of beets which did 
not possess an inherent resistance failed to go to seed. Accidental 
factors may have influenced the growth of such individuals during the 
first year, making them appear resistant regardless of the presence of 
symptoms upon the foliage. In the second year, after transplanting, 
however, such beets in most cases would show the effect of the disease 
by developing severe symptoms and by failing to go to seed normally, 
A practice was adopted to aid this second natural selection for resist- 
ance by eliminating before anthesis those individuals which produced 
only dwarfed or small seed stalks. 

Table 9 shows the behavior of the different selections for resistance 
during the second year of growth. Apparently the development of 
seed stalks in the second year in curly-top-infected beets is correlated 
with:reMstanee. , ' ■ 

It will be noted that the percentage of seed stalks was higher in the 
initial selections from cheek rows than in the initial selections from 
commercial fields. The reason is that a more severe selection for 
resistance was made among the beets of the check rows because they 
were planted under conditions most favorable for the development of 
eurly top. 
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Test for Resistance of Mass-selected Progenies . — The progenies of 
the later Kseleetions were tested for resistance together with the P19 
strain and iiiider >similar conditions. With the exception of 1928, the 

TABLE 9 


PKIlOKiNTAGH OF SEEID' SrATICS. I)EVE!LO'PEl> NOK-MALiLY BURIXO T'HEI SEIC0'N1> YE^AR. O'P 
GrO'WT'H IN" VaeIO'US S'TR.AIN'S' SeDUEC.TE!I> FOR. BESISrTANCT 


Kind of selection 

Year of 
selection 

Number 
of beets 
selected 

Beets which produced 
normal seed stalks 

Number 

Per cent 

( 

1919 

5,000 

183 

3.7 

Initial selections from commercial fields J 

1923 

3,000 

24 

0.8 

1 

1924 

1,176 

101 

8.6 

1 

1925 

472 

25 

5.3 

Initial selections from check rows i 

1925 

38 

13 

34.2 

1 

1926 

12 

3 

25.0 

Second selections J 

1925 (P23) 

50 

31 

62.0 

1 

1926 (P24) 

143 

82 

57.3 

Third selections i 

1925 (P19) 

219 

185 

84,5 


1926 (P19) 

76 

64 

84.2 


TABLE 10 


BEStTLTS OF the; KEisrsTANCE Test O'F MASS-SEnEOXED- Progeinieis (1925 to 1929) 


Location 
of test 
plots 

Date of 
seeding 

Strain 

Genera- 

tion 

Num- 
ber of 
prog- 
enies 

Number 
of beets 
per 100 feet 
of row 

Per- 
centage 
of beets 
that 
sur- 
vived 

Roots 
per 100 
feet of 
row, 
kgm. 

Average 
weight 
per beet, 
grams 

Early 
in sea- 
son 

At 

har- 

vest 


f 

P23.., 


8 


93 


13.17 

142 

Qroenfield 

Mar, 13, 1926 < 

Check.... 




74 


5.75 

78 


I 

;P24............ 

First 

101 


41 


9.79 

239 

King City 

Mar. 24, 1926< 

Check.. 




10 


0.76 

76 


f 

F24.... 

First 

18 

63 

60 

79 

16.07 

321 

King City,.,..... 

April 4, 1927< 

Check 



66 

33 

50 

2.65 

80 


f 

P25. 

First 

24 

81 

61 

75 

16.64 

273 

King City.. 

April 4, 1927< 

Check............ 



71 ' i 

26 

37 

1.83 

70 

Davis 

Mar. 17, 1928| 

P24 

Check 

Second..,. 

36 

111 

113 

108 

111 

97 

98 

116.76 

128.30 

1,072 

1,156 



P25 

Second.... 

18 

130 

110 

85 

33.26 

302 



P19 check.... 



95 

86 

91 

21.51 

250 

Davis 

Mar. 21, 1929< 

Commercial 










check.. 



141 

48 

34 

7.05 

147 


conditions for curly-top infection were favorable every year. In 1928 
leafhoppers were not disseminated upon the mass»selected progenies, 
and as they were removed some distance from the plots where nymphs 
were distributed, they became infected very late and to no appreciable 




Mg. 7. Resistance test of mass-selected x^i’ogenies. Row 1, resistant mass- 
selected progeny. Row 2, commercial check. Row 3, resistant mass-selected 
progeny. King City, September 26, 1927. 



Fig. 8. The same progenies as in figure 7 shown at harvest time. The 
resxreetive yields per 100 feet of row were: (1) 21.55 kgms; (2) 0.91 kgmsj 
(3) 22.23 kgms. King City, October 18, 1927. 


extent. Table 10 presents the results obtained with the inass-seleeted 
progenies, and figures 7 and 8 show the effect of curly top upon two 
of the progenies and the corresponding cheek row. 

Sugar Analyses of the Mass-selected Progenies , — The beets of the 
initial selections were not analyzed for sugar. Their size and shape 
were the two principal characteristics upon which the selection was 
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based. In the first filial g'eneration,. however, the future mother beets 
were also tested for sugar. The analyses were conducted aeeordiiig to 
the same methods as were followed in the case of P19 beets. Tables 11 
and 12 below give the results of the analyses. 


TABLE 11 

AVE-RAOBS. of T‘HEi EBSULTS OF SUOAB ANALYSES OF INDIVILITAL BEETS. OP TUB FlRST 
EILIAL GeNBRATION of MaSS-SeLEICT'ED BEiET'S and op T'HB 
CORRESPO'NDING CO'MMEIROIAL CHECKS 


Year 

Strain 

Number 
of beets 
tested 

Average 
weight 
per beet, 
grams 

Sugar 

Per cent 

Grams 
per beet 

1925. / 

P23 

61 

628 

18.1 

114 


Check 

10 

603 

18.5 

112 

1926 i 

P24 

409 

706 

14.4 

102 


Check 

10 

690 

15.6 

108 


P24 

85 

1,003 

14.1 

141 

1927 J 

P25 

131 

034 

15.4 

144 


Check 

19 

1,053 

14.3 

151 


TABLE 12 


Sugar Analyses op Composite Sampi.^s . of.the M'AssrSELECTED Progenies and 
OF THE Corresponding Commercial Checks 


location of 
test plots 

Date of 
seeding 

Strain 

Generation 

Average 
weight 
per beet, 
grams 

Su 

Percent 

gar 

Kilograms 
per 100 feet 
of row 



P24 

First 

421 

14.6 

2.81 


April 4, 1924- 

P25... 

First 

376 

15.0 

1.90 


Check 


190 

14.8 

0.31 


( 

P24 ' 

Second...., 

1,056 

16.6 

19.22' 

Davis.... 

■Mar. 17,, 1928 j 

Check 


1,163 

''16.5' 

21.17 


i 



Second............ 

463 

'16-5. ' 

5.49 



Pl9 check.......... 


334' ' 

13.8 

2.97 , 

Davis. 

Mar. 21, 1929< 

Comraercial 






r, 

check..., 


318 

16.0 

1.13 


Results Ohtmned w Progenies,— Some of the 

progenies of mass-'Seleeted beets showed a considerable degree of 
resistance in the first and in the second generations. Owing to better 
germination and better stands, they gave in most cases a higher yield 
than the average of the P19 progenies. The percentage of sinwiving 
beets was higher and the average size of roots larger than in the 
commercial checks. 
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Unlike the P19 strain, the mass-selected progenies showed little 
nnifornaity with reg^ard tO' the degree of resistance and to morpho- 
logical characteristics. The plants, even within the individual proge- 
nies, showed variation in the severity of symptoms developed, and in 
many cases the most advanced symptoms could be observed in some 
beets of the most resistant progenies. When exposed to infection the 
mass-selected progenies showed a lower percentage of surviving beets 
and usually a smaller average size of roots than the P19. 

The sugar percentage was found to be as high in these strains as in 
the commercial checks. The total sugar content- was considerably 
higher than in the eommereial beets, when the trial was conducted 
under exposure to infection. 


SUMMARY 

1. The breeding of sugar beets for resistance to the curly-top 
disease was conducted for five years. 

2. Plants that were apparently less injured by the disease in 
severely infected commercial sugar beet fields served as initial selec- 
tions for the development of resistant strains. 

3. The seed obtained from such beets was tested for resistance, 
together with ordinary commercial seed under exposure to a severe 
infection with curly top. 

4. Resistance to curly top was found to be an inherent character- 
istic of many individual beets selected in commercial fields. 

5. In the ease of one of the most resistant strains, designated as 
P19, a consistent transmission of this characteristic through five suc- 
cessive generations was observed. 

6. When grown under exposure to infection, the P19 strain gave a 
higher yield, a higher percentage of surviving beets, and a higher 
average size of roots than the commercial strain (R. & G. Old Type), 
with which it was compared. 

7. Immunity was not observed in the P19, or in any other resistant 
strain ; the P19 beets, howeverj developed as a rule only the trans- 
parent venation, which was discernible only with some difflculty. 

8. The resistance of the P19 strain was found to be relative ; under 
exposure to more severe conditions of testing for resistance the per- 
centage of surviving beets .decreased somewhat and the yield became 
lower, although it was always much higher than in the corresponding 
check rows. 
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9. With regfard to sugar analyses, the P19 strain tested usually 
2 to 3 per cent lower than the commercial beets which were grown 
under similar conditions. When not exposed to a severe infection with 
curly top, the total sugar per unit area was higher in the commercial 
beets; when subjected to a severe infection the P19 strain gave a much 
higher yield of total sugar per unit area than the commercial. 

10. The P19, strain was found to be of no value for commercial 
purposes owing to (1) the low viability of seed, (2) the low sugar 
content, (3) the reduced vigor, and (4) the undesirable shape of 
the root. 

11. With the object in view of improving the undesirable char- 
acteristics of the P19 strain, some hybridization experiments have 
been started. Cross-pollination between P19 and another resistant 
strain, of greater vigor and with a^better shape of root, gave very 
resistant progenies, which also showed marked increase in vigor and a 
better shape of root. This hybrid, however, was low in sugar. Cross- 
pollination between the P19 and a strain less resistant but high in 
sugar, gave resistant progenies which showed an increase in sugar 
percentage in comparison with the P19. 

12. In addition to the work with the P19 strain, selections of resist- 
ant mother beets in the commercial plantings were carried out repeat- 
edly for several years and were propagated en masse. The progenies 
of these mother beets were compared with ordinary commercial seed 
and with the P19 under exposure to infection with curly top. 

13. The mass-seleeted progenies were markedly resistant to curly 
top, although less uniform with regard to this characteristic than the 
P19 strain. 

14, The mass-selected progenies were as high in sugar j)ercentage 
as the commercial checks with which they were compared. 
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INTRODUCTION 

Iwanowski^s^^*^^ demonstration in 1892 that the mosaic disease of 
tobacco is caused by a filter-passing agent opened a new and extensive 
field of research in the pathology of both plants and ahinials. Since 
then a nnmber of different virus'^ diseases have been found affecting 
a variety* of plants and animals. The bacteriophage has also been 
considei’ed a virus by many workers. 

Much literature dealing with various phases of virus diseases has 
been published. In the following review we have attempted to abstract 
only the work giving evidence as to the nature of the viruses. 

REVIEW OP LITERATURE 

Cytologieal Stvdies , — For some time pathologists resorted to cyto- 
logical methods in their search for a visible parasite causing the virus 
diseases. A great deal of careful work has been done in this field. 
Iwanowski/^®^ Dickson, McKinney, Eckerson and Webb/^®^ Gold- 
stein/^^^ Rawlins and Johnson, Hoggan,^^^^ Kunkel,^^®^ 

Holmes, Smith/® and various students of animal pathology have 
described abnormal intracellular bodies in virus-infected host tissues. 
The structure of these bodies is not sufficiently distinct tO' warrant the 
conclusion that they are a stage of a causal organism. In fact, many 
of the workers are inclined to the view that they are products of the 
causal agent or of the diseased host cell, 

1 Presented for publication Oetobex 25, 1929. 

2 Graduate student in Plant Pathology. 

® Assistant Professor of Plant Pathology and Assistant Plant Pathologist in the 
Experiment Station. , , 

4 la this paper a virus is considered to be a filter-passing agent capable of 
causing' an infectious disease. 
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Size of Yirus Particles. — Iwa.nowski^^'*^^ and Beijerinck^^^ dis- 
covered independently that the infective ag'ent of tobaeco' mosaic 
passed through filters which intercepted ordinary bacteria. Beijerinck 
assumed that the virus was in the form of a ‘'contafriuni vivtim 
fluidum.^^ Since then the size limits of tobacco mosaic virus particles 
have been studied by Diiggar and Karrerd^^^ Using a series of ultra- 
filters graded by means of organic particles of known dimension the 
size of the virus particles was found to be comparable to that of 
haemoglobin, having a diameter of approximately 30/jcjul. 

Olitsky, Traum and Sclioening^^'^^ employing similar methods esti- 
mated the size of the virus particles of foot and mouth disease to be 
somewhere between 20 and 100/x/x. 

Prausnitz/®*'’*^ using similar technique estimated the size of Piexner 
bacteriophage as approximately 20/i/jl. 

Prom the above results it appears that we cannot hope to observe 
the virus particles by ordinary microscopic methods. The presence of 
colloidal particles of approximately this size has been detected by use 
of the ultramicroscope in the hands of students of colloidal chemistry. 
However, until we are able to separate a virus from the colloids found 
in plant juices or animal fluids we cannot hope to detect or distinguish 
the virus particles by this method. Numerous attempts have been 
made to detect motile organisms in virus-infected fluids by means 
of the dark-field microscope but in general such attempts have been 
unsuccessful. 

Dilution . — ^It is known that the virus of tobacco mosaic withstands 
great dilution without losing its infective properties. Allard showed 
that infective tobacco juice diluted one part to a thousand is quite as 
effective in producing the disease as the undiluted juice, but that 
when diluted one part to ten thousand the percentage of infection is 
reduced. Iix some eases positive results were found even in dilutions 
as high as one part to one million. These results indicate that the 
eoncentratioh of virus in plant juice is very high. 

Longevity .— mosaic virus can be dried for a relatively long 
period without losing its disease-inciting properties. Chapman*^^^^^ 
finds 3 years, Beijermek^«> and Walker^®’^^ 2 years, and AUard<'^ 
18 months as its period 

There is considerable difeerence in the longevity of other viruses 
causing plant diseases. Walkeri®^ reports that tomato mosaic virus 
when dried at air temperature rem;^n^ active 30 days, groxind eherry 
virus 23 days, and cucumber mosaic virtis less than 24 hours. However, 
when these viruses were kept in their plant extracts some of them 
remained infectious for a much longer period of time, tomato mosaic 
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virus remaining infectious 138 days, ground dierry virus 69 days, and 
cucumber mosaic virus from 24 to 48 hours. 

Hastings^^^^ reports that spores of anthrax bacillus remained viable 
for 18.5 years in a naturally infected sample of pond water. This 
period is about forty-two times as great as that noted by previous 
observers working* with, spores in artificial culture. A member of. the 
colon aerogenes group ’ ^ isolated from a corn plant and then placed on 
filter paper kept at 37^ C remained viable 31 days. The same organism 
when left on corn kover withstood desiccation for a peinod of 7 years. 
Thus it is evident that certain bacteria are even more resistant to 
drying than are the viruses. 

Cultivation of Tins, — ^Although the viruses causing mosaic diseases 
multiply very rapidly in living plant tissues they have never been 
satisfactorily cultivated in artificial media. 

Olitsky^''^®^ used fresh juice from healthy tomato plants as a medium 
and produced infection up to the twelfth subplant. *‘By the fourth 
subplant the original subplant was present in an estimated dilution 
of one to ten million.” This exceeds the dilution limit of all known 
viruses. Prom these results he concluded that he had cultivated the 
virus in an artificial medium. 

Following the publication of Olitsky’s findings four other investi- 
gates, Mulvania/'^^^ Goldsworthy, Purdy/'^*^^ and Smith^^^^ 
repeated his experiments in an attempt to confirm his results. All 
their results were negative, however, 

Purdy^^^' demonstrated that tobacco mosaic virus niultiplies in 
freshly detached tobacco leaves placed petiole downward in moist 
sand. Under such conditions symptoms do not appear. 

Therm(d lMactwati(m.—As with the vegetative stage of 

most microorganisms certain viruses have a relatively high therm,al 
inactivation point. In this property these viruses are similar to 
ensrymes. Bertrand and; Thomas^^®^' state that, ‘Nearly all eiwymes 
are completely in, activated by short exposure to a temperature of 
100® C,” The inactivation of saceharase and blood catalase has been 
found by Willstatter,, Graser an,d Kuhid^^^ to be in a great measure, 
dependent on the degree of purity of the given enzyme. 

Mulvania^^^^ reports that a temperature of 80® 0 for three , days 
reduced the activity of tobacco .mosaic virus 40 per cent. 

- Allard ^s work*^^'*^ indicates that a tem,peratee of, 90^^ C or above for 
; five minutes inactivated the .virus. ' 

The thermal death-point , of the vegetative stage of most mlcrO'- 
organisms; lies 'between '37® and' 55® Oh' Some' of the viruses also have' 
thermal inactivation po'ints in this. range. Esty^*'®^ found that resistant 
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spores of Bacillus botulinus under optimuni eonditions of growth with- 
stood a temperature of 100° C for 330 minutes, 110° C for 33 
minutes and 120° C for 4 minutes. 

It was foiiD.d by McKinney^^^^ that the thermal inactivation po-iiit 
was depressed approximately 6° C when infective juice of mosaic 
tobacco plants was diluted one part to one hundred. 

Air-dried mosaic tobacco leaves were found hy Allardi^^'’ to retain 
their infectivity after being heated at 100° C for one-half hour, while 
infeetive extract which had been evaporated to dryness wms easily 
inactivated by this treatment. These results indicate that the system 
in which the virus is contained has a distinct influence upon its 
thermal inactivation point, 

Allard has demonstrated that low teinperatiires do not inactivate 
the virus of tobacco mosaic, — 12° C for one to four hours or i"epeat(3d 
freezing and thawing failing to inactivate it. Even the temperature 
of liquid air, — 180° C, did not inactivate it, 

Johnson^s work^®^*^ indicated that optimum teinperature for the 
development of mosaic symptoms in tobacco is sindlar tO' that wliich 
is optimum for bacterial growth, namely around 30° C. This tem- 
perature is lower than that most favorable for the acitivity of most 
enzymes, the optimum temperature for enzymes, according to Waks- 
man and Davison, usually falling between 40° and 50° C. At 35° C 
symptoms of tobacco mosaic failed tO' develop. 

Johnson/s results are very interesting but unfortunately are 0 |>en 
to several interpretations. It is conceivable that; the met.aboHsm of the 
host plant may have been altered sniBciently by the high temi)erature 
to produce conditions in the host cells which are unfavorable for the 
rapid multiplication of the virus and that inhibition of syinptorns may 
not have been due to the direct influence of liigli teiripcvrature on tlie 
virus. 

In general, it appears that temperature studies have yielded little 
evidence as to the nature of the viruses. 

Action of Chemicals , — Viruses in general are relatively resistaui": 
to chemicals which are toxic to most organisms, AHard''» found 
that common disinfectants such as phenol, cresol, thymol, camphor 
and naphthalene have little effect on tobacco mosaic virus. Even 
"formaldehyde belO'W concentrations of 4 per cent did not readily: 
inactivate the virus. Salts of heavy metals such as lead nitrate and. 
mercuric chloride had little effect on certain viruses, a 1 per cent solu- 
tion of mercuric chloride failing to inactivate tobacco* mosaic virus in 
33, days., Strong .aeids such. as nitric and hydrochloric ' acids reduced 
infectivity ;onlydn ;concentration approaching; „1' gram in. 50 to 100' cc 
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O'f infective juice. Pliosphoric, citric and acetic acids were 'without 
effect except in coiieentrations of 1 gram in 20 tO' 50 ec of infective 
jiiiee. Hydroxides of aliiminiini and nickel tended to form precipi- 
tates and leave the siipernatent liquid without infectious properties. 
In the ame of aluminiiin hydroxide the virus was found tO' he in the 
|)Fecipitate and was recovcvred from, it. It is interesting to note here 
that aluniiniini hydroxide is a positive colloid and would he expected 
to precipitate negative colloids. Nickel ions seemed to have a definite 
toxic effect upon, ’the infective principle, destroying it entirely. In 
this solutio'ii nickel hydroxide was present in a eonceiitration of 
2 grams in 1000 ec of infective juice. When juice from mosaic tobacco 
plants was passed through talc or kaolin the filtrate was found to be 
free of virus. 

The American Commission for the Investigation of the Foot and 
Mouth ,Disease/^’“’ working with the virus of the foot-and-mouth 
disease of animals, found that sodinni liydroxide liad no coagulating 
action on the iy,m|)li containing the virus and ref)orted it as being 
virucidal in concentrations of 1 to 2 pen* cent acting foi* 1 minute. 

Ailanh'*' f()und tliat 1 gra,m of sodium hydroxide in lOOO ec of 
virus solution iiiactivat(vd tobacco mosaics virus aftem 2 days. 

He further found that green mosaic tobacco leaves are quickly 
killed by ether and chloroform vapor l)nt the infective principle con- 
tained in them is uninjured. Toluol and carbon tetra,eidoride are also 
without effect on the virus. 

Allard showed that ethyl alcohol added to filtered plant extract 
containhig tobacco mosaic virus throws down a preeii>itate carrying 
the virus with it. Wlien alcohol of 45 to 50 per cent stre^ngth was used 
the supernataiit liquid was free of virus. However, higher concen- 
trations, 75 to 80 [au* cent, inactivated the virus in the precipitate. 

The virucidal action of alcohol on the same virus taken from 
mosaic tO'n,:iat() was ii'ivestigated by Smlthd'*^'^^ ■ The virus, was not 
inactivated l)y alcoliol at as high a eonceiitratidn as 90 per cent. ' The 
siiimrnatant liquirl remained aeffive after treatment with 70 per cent 
alcohol and the residue still retained its full activity after subjection 
to 90 per cent alcohol. Even when 'precipitation w^is |')revented ’by 
the additio'ii of' sodium hydroxide, '90 .per ■cent alcohol failed to 
inactivate the virus. 

'Vinson', and. find t.hat. precipitation of the virus' f'rom the' 

juice of,, mosaic tobacco plants is. fairly complete when two- volntnes 
of acetone or alcohol are added. tO' one volume of infective extract. 
■.Such a precipitate was found "'to', be highly infective when ■ 'suspended 
'.in. water. 



446 


SilgarMa 


[ VoL 4, No. 15 


Olitsky, Traum and Schoening'^"*^^ indicated tliat tlie action of 
alco'hol on tlie foot-and-month virus, is largely prevented by the 
eoaguluni formed around the virus particles. They , showed that 
filtered lymph containing active virus is less resistant to alcohol than 
the unfiltered lymph and regard this difl:erenee as due the smaller 
amount of prot.ein' present in the former. When eo^agulatioii by 
alcohol was prevented by the addition of a small amount of sodium 
hydroxide the alcohol was found to have a greater virucidal action. 

On the other hand, Bronfenbrenner^’''^^ working with bacteriophage 
gave evidence that the apparent inactivation of a bacteriophage by 
alcohol is a surface phenomenon rather than that of disinfection by 
the penetration of the alcohol into an organism. He has demonstrated 
that in the case of an unpurified bacteriophage the major portion of 
the lytic principle is found in the precipitate fomned on the addition 
of alcohol. Bronfenbrenner then purified the bacteriophage as far 
as possible by growing the bacteria on a synthetic medium with 
ammonium salts as the only source of nitrogen. A lytic filtrate of 
very high potency was obtained. This filtrate was then fractionated 
and freed of all dialyza,ble material by means of electro ultra-filtration. 
After hydrolysis a residue was obtained which appeared to be free 
from ammonia when tested with Nesslerhs reagent. This indicates the 
absence of proteins in the bacteriophage. When the puiified bacterio- 
phage was treated with 10 volumes of alcohol precipitation did not 
occur and no inactivation of the lytic principle took place after 
remaining in this solution at 22^ to 25^ C for eight days. Thus it 
appears that in this case the alcohol has little direct influence on 
the virus. 

Duggar and Armstrong’^^'^^ found that expressed juice from healthy 
pokeweed plants is capable of inactivating the virus of tobacco mosaic. 
They suggest that the action is probably due to the adsorption o! the 
virus by the colloids of the foreign plant juice. 

Elmer^^®^ found that extimeted juice from healthy bean, eueuinber, 
and tobacco plants reduced the infective power of tomato mosjiie. This 
effect, however, was only temporary, full infeetivity being regained in 
21, days. 

The results of the above workers show tha.t viruses may resist 
certain powerful disinfectants hut are inactivated by numerous rela- 
tively inert colloids. Such results indicate that colloids in the medium 
may be of great importance in inactivating the viruses or in their 
influence on inactivation by disinfectants. It is apparent, therefore, 
that a virus must be purified before its reaction to various chemicals 
can be determined with certainty. 



April, 1030] Electro^ihoresi^ of Tolxicco Mosaio Virus 


447 


The relatively' great resistance of certain viruses to toxic , chemicals 
is apparently evidence favoring their non-living nature. 

UUra-Violet Radmtion. — Bovie^^^-^ showed that ultra-violet radia- 
tion of wave length shorter than 292.5p-/A killed bacteria and spores of 
fungi in 10 minutes. 

It was found by Smith that although Bacillus prodigiosus sus- 
pended in distilled water is inactivated by ultra-violet light in 30 
seconds, tobaceo' mosaic virus in filtered plant extract is permanently 
inactivated only after continuons exposure for 30 minutes to such 
light. As shown by the following workers the differential absorption 
of the effective rays by the two media, distilled water and plant 
extract, may ha,ve been responsible for at least part of the difference 
observed by Smith. 

Arthur and Newelti*'^^ used samples of purified virus prepared by 
the acetone precipitation method outlined by A^inson and Petre.^^®^ 
Drops of the purified tobacco mosaic virus were distributed on a glass 
plate and covered with a quartz plate about Ys inch thick. The 
irradiation took place through the quartz })late at a distance of 15 
inches. Such a preparation of tobacco mosaic virus was found to be 
completely inactivated by 15 seconds exposure to the open arc. Virus 
applied to sinfface of tobacco leaves could be inactivated by ultrar 
violet ludiation but after the virus had peneti*ated the plant, inaeti- 
vation could not be made to take place. 

McKinley, Fisher and Holdeii^*^®’ studied the influeiiee of ultra- 
violet light on bacteria, a bacteriophage, and viinises. They state that 
under the conditions of their experiments, ‘‘a lytic principle active for 
Bacterium eoU'I)^ is acted upon by ultra-violet liglit in much the same 
way as are two strains of known filterable viruses, i.e,, herpes and 
Levaditi’s. so-called encephalitis virus. Expovsiire to ultra-violet light 
at a distance of one foot for. forty minutes is sTiffieient to at;t;enu,ate or 
de,str()y both the b'aeteiuophage and the twO' filterable viruses employed 
, in 'these experinuuds.^^ . II. coli, however, wa>s apparently unaffected 
under, the same eondilions. In a substrate of normal rabbit sertim, the 
■bacteriophage, and the. twO' filterable viruses are protected. . from .tlur 
action: of' ultra.-viol.et light. ■ ' ' ' 

Baker ■ and Naimvutty^®^ considered the ■ opacity^ of beef .broth to 
ultra-violet rays in studying' the effect- of, such rays upO'U bacterio- 
phage.. They found that beef broth in the pro'portion' of 1 : 1000- in 
normal saline, .produced inappreciable opacity to, the bacterieidal light 
rays when -the depth of the -exposed- solution was less than 'I'. C'ni. 
'B-ecause'','a quantitative :eo,m,pa,risO'n -of the- results' obtai.ned by -"various 
workers is difficult "due .to differences in' methods 'and' lack -of: a: unit' 
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measiireiiieiit of the bactericidal output of a mercury vapor lamp 
these investigators took the value 1 as time required to destroy B. coU 
and made relative measurements of the inactivating effect of ultra- 
violet rays upon several bacteriophages and enz:^uiies. Their results 
are as follows : B, coli 1, Shiga bacteriophage about 2, staphylo bac- 
teriophage 1 to 2, trypsin and complement 20 to 30, haemolytic 
aiiiboeeptor 50, diastase and lysozyme 120. From this they conclude 
that the susceptibility of bacteriophage to ultra-violet rays is similar 
to that of bacteria. 

Because of the different results obtained by the above workers no 
general conclusions can be drawn as to the relative resistance of 
organisms, viruses, and enzymes to nltra-violet light. 

The Influence of X-Eays on Yiruses. — Miilvanial'^^^ found that 
X-rays do not inactivate tobacco mosaic virus but that attenuation 
results when the exposure is lengthened, 

Atfemuitlon. — It has been observed by many virus investigators 
that attenuation of viruses may take place under eertan conditions. 
Mayer* found that continued heating at 60'^ C did not change per- 
ceptibly the infective power of tobacco mosaic virus but subjection to 
a temperature of 65° to 75° C caused attenuation. 

Other studies on the attenuation of tobacco mosaic virus were made 
by Johnsond'^'^ Virus-inoculated tobacco plants were placed in a con- 
stant temperature eliamber at a temperature between 35° and 37° C 
for ten or more clays. At this temperature mosaic symptoms are 
wholly or partially masked. Virus from these plants produced a mild 
form of the disease in inociilated plants. Bepeated serial transfers 
from such plants to healthy tobacco plants did not perceptibly alter 
the attenuated condition of the virus. 

Carsner/-^"^* working with the virus causing curly top of sugar 
beet, reports that the passage of this virus through Chenopocliuni 
mtmile, Euniex crispus and Siuieda moquini causes the virus to become 
attenuated so that a mild form of curly top develops when the virus is 
transferred to healthy beets. 

Organisms are known to be attenuated by certain luifavorabie eon- 
ditions. Consequently this behavior may he regarded as evidence of 
the living natm^e of a wus. 

' , Respimtion . — Carbon dioxide is' produced' during respiration in 
'/most organisms., Bronfeiibrenner*,^®^ by the aid of a sensitive micro-, 
resplrometer attempted to detect the generation of CO 2 by a baeterio- 
pliage and by the herpes and rabies viruses. After being confined for 
48 hours in the apparatiis under both anaerobic and aerobic conditions 
neither bacteriophage nor viruses gave a/positive test for' the presence 
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of carbon dioxide. From these resiilts it appears that the virus either 
has a very unusual type of metabolism in which carbon dioxide is not 
given off, as is reported by Palladin^^^^ for acetic acid and glycerine 
bacteria and for sorbose bacteria by Bertrand/^ ^ that respiration is so 
slight that the carbon dioxide is not detectable j or a third alternative, 
that the virus is non-living and therefore does not respire. 

Influence of Oxygen. — Johnson^^®^ finds that the longevity of 
tobacco mosaic vipiis is shorter in well-aerated sand and sandy soils 
than in heavier clay and organic soils. When exposed in a moist con- 
dition to an excess of oxygen the virus is sensitive to its inactivating 
influence. Cleveland has shown similar behavior in protozoa. On 
the other hand, Bayliss^^^ states that the enzyme rennet can be inacti- 
vated by passing air through the solution. 

PiirifixaUon of Vinvs . — It seems clear that in some cases the true 
properties of the viruses have not been determined, the results having 
been greatly influenced by the constituents of the medium. A knowl- 
edge of this relation of the virus properties to environment makes 
apparent the importance of jmrifying the viruses as much as possible 
before attempting to determine their properties. 

Arnold and Weiss^"^^ separated a bacteriophage, lytic to Bacillus 
typhosus^ from antigenic bacterial proteins derived from dissolved 
bacteria. A precipitation of antigenic bacterial proteins was effected 
by adding a 14 per cent solution of NaoSO^. Digestion with trypsin 
was also found to give satisfactory results. A 1 per cent trypsinized 
bacteiiophage solution was incubated for 48 hours, filtered through 
paper and then passed through a Berkefeld candle. The absence 
of antigenic bacterial proteins was indicated by the failure of the 
supernatant liquid and filtrate to produce agglutinins against the 
corresponding bacteria. 

Bronfenbrenner^^^^ and De Groat^-^^ also purified bacteriophages 
until no test for proteins was obtained. 

Among investigators of viruses causing plant diseases Vinson and 
Petre^®®^ have attempted to purify tobacco mosaic virus by using a 
number of different methods. 

They succeeded in removing some of the phosphates, sulfates, and 
most of the proteins and pigments from the extract by using low con- 
centrations of lead acetate and barium acetate. Safranin was found 
to be very effective in precipitating the virus, 100 cc of a 1 per cent 
safranin solution added to 50 cc of infective juice causing a precipi- 
tate to form and leaving a supernatant liquid almost free of virus. 
The virus was then released from the safranin by adding amyl alcohoi 
Attempts were also* made to salt out the virus by means of ammonium 
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sulfate* Tlie precipitate, however, contained salts, proteins, and 
pigments as well as the vims. 

Heat fractionation was tried. Juice from mosaic Turkish tobacco 
was separated into two lieat-precipitaMe fractions, one around 85*^ C 
and the other above 90 C. The first fraction' contained an appreciable 
amount of nitrogen and was still infective after the heating, although 
the virus concentration was greatly reduced. Boiling the juice 
rendered it non-infectious. 

Brewer, Kraybill, and Gardner^^^^ attempted to purify tomato 
mosaic virus by eentrifuging and clearing with aluminum gel. They 
succeeded in ohtaiiiiiig a very clear and active preparation of the virus. 

Sherman, Caldwell, and Adams^^®^ purified pancreatic amylase until 
it was very active in dilutions as great as 1 : 100,000,000. They con- 
sider that even the most delicate protein test cannot detect proteins 
in concentrations less than 1 : 10,000 and that the failure of certain 
workers to obtain a protein test from their purified enzyme prepara- 
tions may be due to the very low concentration of enzyme in the 
solutions tested. It is possible that the above criticism may be 
applicable to wmrk on the viruses. Certainly failure to detect pi*oteins 
in a purified virus or bacteriophage should not he considered as proof 
of the absence of proteins unless a vei'y concentrated preparation of 
virus or bacteriophage has been used. 

Electrophoresis , — In their experiments on electrophoresis, Olitsky, 
Traum, and Sehoening^''’'-^ found an isoelectric range of the foot-and- 
mouth virus around pH 8; below pH 8 the virus carried a positive 
charge and above this pH a negative charge. Thus the virus appeared 
to behave like a protein having an isoelectric point around pH 8. 

Todd ^^^^o-nstrated that a bacteriophage lytic to Bacillus 
dysenierm Shiga isolated from chicken droppings migrated to the 
anode between pH 3.6 and 7.6. He failed to find an isoeleetric point 
as the phage showed signs of inactivation at lower pH values. 

Do>ugIas and Smith^^^^ found that vaccinia virus migrates to the 
anode in the range pH 5.5 to 8.4. They further found that the 
isoelectric point of the tissue protein was pH 6.8. Therefore, on the 
alkaline side of its isoelectric point the protein migrated with the 
vims to the anode but on its acid side the protein migrated to the 
cathode. 

By electrophoresis .Olitsky and obtained 'active;' vims, at' 

the anode from the serum of vaccinia-recovered rabbits. This serum 
had given no infection when used as an inoculum before electro- 
phoresis, They believe that electrophoresis concentrated the virus at 
the anode, 
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Vinson and Petre^°®^ reported that the virus of tomato mosaic 
migrated to the negative electrode at pH 4,76, 

Until the eleetroplioresis of more viruses is studied we cannot draw 
conclusions as to the similarity of their electrophoretic behavior or as 
to the significance of such behavior. 

The migration of bacteria in an electric field lias been studied by 
many investigators: Winslow, Falk, and Caulfield^®®^ found BaciUm 
cereiis to be isoelectric at pH 3, posit! A^ely charged between pH 3 and 1, 
and isoelectric at pH 1. 

Winslow and Shauglinessy^^^' found one isoelectric point of 
Bacillus cereus and Bacierimn coli near pH 3,0 and another around 
pH 13,5. 

Pneumoeoceus (variant type 1) was shown by Falk and Jacob- 
son to be charged negath’^ely aboA^e pH 3.3 and positwely between 
pH 2.7 and pH 0. At pH 0 another isopotential point was approached. 

Falk, Sharp, and Link^^®^ found that bacteria from the smooth 
colonies of Bacterium phaseoU sojense were positiAmly charged between 
pH 1.4 and pH 2.8 and negatively charged between pH 3,1 and 10, 
Bacteria from rough colonies showed a positive charge between pH 1.2 
and 2.6 and a negative charge aboA^e pH 2.8. 

Northrup and de Kruif found that the bacillus of rabbit sep- 
ticemia (type D) had a negative charge above pH 3, was isoelectric 
at pH3, and had a positive charge at pH 2.2. Another isoelectric 
point was observed around pH 1.1. Another strain (type G) was 
isoelectric around pH 4.2 and wavS positively charged at pH 2, which 
was the lowest pH Amine tested. Bacillus typhosus was found to be 
isoelectric around pH 3, positively charged from pH 3 to around pH 1, 
and isoelectric below pH 1. 

Addition of egg albumin or globin to the bacillus of rabbit sep- 
ticema was found by Northrup and de Kruif^^®^ to change the isoelec- 
tric point of this organism to approximately that of the added protein. 

In general it appears that bacteria usually have a negative charge 
at pH values between 3 and such high values as 13. An isoelectric 
point is commonly found around pH 3 and the organisms usually have 
a positive charge in the region between pH 3 and 1. Around pH 1 
another isoelectric point has usually been found. 

When having a positive charge the organisms usually migrate 
toward the cathode at a comparatively slow rate, indicating a low 
potential at the surface of the organisms. The most rapid movement 
toward the anode is usually at higher pH values. Rapid migration 
toward this pole is usually observed between pH 6 and 9. 
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Ail of tlie studies on electrophoresis of viruses have been made at 
relatively high pH values. Further studies should be made at low 
pH values in order to compare the electrophoretic behavior of viruses- 
with bacteria at pH values where the bacteria show characteristic 
changes. 

Since Nortlirup and deKruif^^^^ have shown that the addition of 
sufficient protein confers the electrophoretic behavior of the protein 
on bacteria, and Loeb^"*^^ has shown a similar action of proteins on 
negative colloids such as collodion particles, one may well suspect that 
a virus which shoivs electrophoretic heha,\dor similar to a protein is 
exhibiting the properties of adsorbed protein rather than those of the 
virus. 

Summary of Available Evidence on the Natiire of the Vinises . — 
Most of the studies made on virus properties have not yielded strong 
evidence as to whether the viruses studied were living or inanimate. 
It is of course possible that all of the wuses are not similar in nature. 
In fact the so-called ^‘incubation periods^' observed in the transmit- 
ting insect and host plant by Smith and Boncqnet^*^^^ and Severin*^*^'^^ 
in. the case, of curly top of sugar beet, and by Kimkeb®'^^ in the insect 
transmitting aster yellows suggests that these viruses may be hetero- 
xenoiis organisms and may be quite different from most of the mosaic 
viruses. 

Perhaps the strongest evidence favoring the theory that the mosaic 
viruses are organisms is furnished by their susceptibility to attenua- 
tion, while the strongest evidence favoring their inanimate nature 
is apparently their great resistance to certain chemicals. The apparent 
absence of protein in the bacteriophage may also be considered as 
evidence against the phage being a living organism. 

The most promising type of work for gaining evidence on the 
nature of the viruses would appear to be an attempt at purification 
of the viruses and a stiidj'' of the properties of the purified viruses. 
Bronfenbrenner/^^^ Vinson and Petre/®®^ and Brewer, Kraybill, and 
Gardner^ have already begun this type of work and have made 
considerable, progress. 

Bleetrophoresis should be very helpful in purifying a wrus and 
in .giving . evidence as tO' its nature. ' ' ' , 

If electrophoretic behavior of a virus at different pH values were 
known it should be possible to separate the virus from miieh of the 
colloidal material in the plant juice by causing the migration of the 
virus to one pole while much of the other colloidal material fails to 
move or migrates to the opposite pole. For example the bacteriophage 
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studied by Todd wliich had a negative charge at pH 3.6 would migrate 
to the anode at this pH while most, if not all, of the ^,,:|)roteins in 
solution would migrate to the cathode, since most proteins have an 
isoelectric point above this pH. 

With the exception of the single observation made by .Yinson and 
Petre,^'^'“’^ no studies on the electrophoresis of viruses causing plant 
diseases have been reported. It appeared to us that a study of the 
electrophoretic behavior of plant viruses might yield evidence as to 
the nature of such \uruses, and as to their similarity to bacteria and 
to the viruses causing animal diseases. Piirt her more, such a study of 
the electrophoretic behavior of a virus at various pH values is neces- 
sary if one is to proceed intelligently in an attempt to use electro- 
phoresis or precipitation in purifying^ a virus. In the following pages 
we are reporting electrophoretic studies made on the virus causing 
tobacco mosaic. 


EXPBBIMENTAL WORK 

Methods . — For the purpose of our experiment the Todd'*^^^^ IJ tube 
electrophoresis apparatus wms selected. To prevent polarization of 
the electrodes, agar bridges filled with 1 per cent KCl in 2 per cent 
agar connected each limb of the IJ tube to electrode vessels containing 
a saturated solution of CUSO 4 . Strips of copper plate were used for 
electrodes. 

Buffer solutions of pH 9 to pH 3 were made according to Clark. 
Those having pH below 3 were made of potassium pthalate, of phos- 
phoric acid adjusted with hydrochloric acid, or contained only 
hydrochloric acid. 

The plant extract containing the virus was derived from tobacco 
plants showing characteristic mosaic symptoms. The original virus 
was kindly supplied by Dr. James Johiason of the University of 
Wisconsin. A meat grinder was used to crush the leaves and the 
juice was expressed by pressing the pulp in a piece of cotton cloth. 
The extract was then centrifuged, passed through a Bex*kefeld 
candle under aseptic conditions, and the filtrate collected in sterile 
test tubes. The pH of this filtrate was found to be 5.6. 

Extreme care was taken to adjust the filti^ate to the same |)H as 
the buffer in the two arms of the apparatus. This was done by adding 
approximately one part of the buffer solution of the desired pH to 
two parts of the plant extract and then dropping small quantities of 
1/5 normal HGl or NaOH into the solution from a fine pipette until 
the pH was' adjusted. , 
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111 tlie first set oi experiments, the results of which are shown in 
table 1, a direct current circuit giving 108 volts was used. The 
current varied from 4 to 9.5 milliamperes and the time from 3 to 5 
hours. In later experiments, the results of which are shown in table 2, 
two or three radio hatteides giving 96 to 145 volts supplied the 
current, which varied from 6 to 9 milliamperes. The duration of 
electrophoresis in these experiments w^as 5 to 7.5 hours. 

After electrophoresis, samples w’-ere taken from^ each limb of the 
U tube. These samples are designated in the tables as ‘‘anode’’ and 
“cathode” respectivelT- “Bulb” refers to the sample of adjusted 
plant extract talven from the central bulb and serves as a check on 
the activity of the virus. A portion of each of these samples was then 
tested to determine the change in pH during the course of the experi- 
ment. Ail determinations were made by means of the hydrogen 
electrode except at pH 1.2. At this pH the hydrogen electrode was 
found to give erratic results and the colorimetric method was there- 
fore substituted. The remainder of each sample was used for 
inoeiilating tobaeco plants. 

Iiioeiilations in the firvSt set of experiments were made by the 
ordinary needle pimctiire method. In the second set young leaves of 
the tobacco plant were rubbed with a small piece of cotton cloth 
saturated with inoculum. The latter method was found to give much 
more consistent' results. 

Results . — The results of the experiments are shown in tables 1 
and 2. These results indicate that the virus carries a negative charge 
when in solutions having a pH between 4 and 9 but that the virus is 
either uncharged or has a very low P.I>. when in solutions having a 
pH between 3 and 1,2. 

Only one plant inoculated with liquid from the cathode developed 
mosaic symptoms. Since the virus migrated to the anode so con- 
sistently at pH 4 and failed to migrate to the cathode at all lower 
pH values it appears that the infection of this plant must have been 
aecidentaL In fact, it is rather surprising that more inconsistencies 
did not arise since the mosaic disease of tobacco is so easily trans- 
mitted during watering and* handling of the plants. 
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TABLE 1 

Influence OP the pH on the Direction op Migration of Tobacco Mosaic Virus j 

First Experiment 


'pH before 
electro- 
phoresis 

Inoculum 

Milli- 

amperes 

Volts 

Time 

pH after 
electro- 
phoresis 

Number 
of plants 
inoculated 

Number 
of plants 
infected 

1.0 

Cathode 

6-8 

108 

hours 

4 

1,15 

4 

0 

1.0 

Anode 

6-8 

108 

4 

1.3 

4 

0 

1.0 

Bulb 

6-8 

108 

4 


2 

1 

2.0 

Cathode 

5.0 

108 

4 

2,0 

4 

0 

2.0 

Anode 

5.0 

108 

4 

2.2 

4 

0 

2.0 

Bulb 

5,0 

108 

4 


2 

0 

3.0 

Cathode 

4.0 

108 

4 

3,0 

4 

0 

3.0 

Anode 

4.0 

108 

4 

3.0 

4 

0 

3 0 

Bulb 

4.0 

108 

4 


2 

0 

4.0 

Cathode 

6.5 

108 

5 

4.05 

4 

0 

4.0 

Anode 

6.5 

108 

5 

4.1 

4 

0 

4 0 

Bulb 

6.5 

108 

5 


2 

0 

4 0 

Cathode 

4.0 

108 

4 



1 

4.0 ' 

Anode 

4.0 

108 

4 


4 

0 

4.0 

Bulb 

4.0 

108 

4 


2 

1 

5.0 

Cathode 

7.5 

108 

5 

5.0 

4 

0 

6.0 

Anode,., 

7.5 

108 

5 

5.0 

4 

2 

5.0 

Bulb 

7.5 

108 

5 


2 , 

I 

6.0 

Cathode 

6.5 

108 

3 

6.2 

4 

0 

6.0 

Anode 

6.5 

108 

3 

6.2 

4 

3 

6.0 

Bulb.. 

6.5 

108 

3 

6.2 

2 

2 

7.0 

Cathode 

7.5 

108 

5 

7.0 

4 

0 

7.0 

7.0 

Anode... 

7.5 

108 

6 

7.2 

4 

2 

Bulb.. 

7.5 

108 

5 

2 

1 

8.0 

Cathode 

6.75 

108 

3 

8.2 

4 

0 

8.0 

Anode 

6. 75 

108 

3 

8.2 

4 

1 

8.0 

Bulb 

6.75 

108 

3 

7,8 

2 

1 

9.0 

Cathode.... 

S.5 

108 

5 

9.0 

4 

0 

9 0 

Anode 

9.5 

108 

5 

9.0 

4 

2 

9.0 

Bulb 

9.5 

108 

5 

9.0 

2 

1 
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TABLE 2 

InFLUENCE OF THE pH OH THE LlRECTIOH OF MIGRATION OF TOBACCO MOSAIC ViRUS; 

Seconb Experiment 


pH before 
electro- 
phoresis 

Inoculum 

Miili- 

amperes 

Volts 

Time 

pH after 
electro- 
phoresis 

Number 
- of plants 
inoculated 

Number 
of plants 
infected 

1.2 

Cathode 

9.0 

96 

hours 

7.5 

1.3 

10 

0 

1.2 

Anode 

9.0 

96 

7.5 

2.0 

10 

0 

1,2 

Bulb.... 

9.0 

96 

7.5 

1.4 

10 

10 

1,8 

Cathode 

8.0 

145 

5.0 

2.1 

5 

0 

1.8 

Anode 

8.0 

145 

5.0 

2.6 

5 

0 

1.8 

Bulb.. 

8.0 

145 

5.0 

2.1 

2 

2 

2,1 

Cathode 

8.5 

145 

7.5 

2.5 

5 

0 

2.1 

Anode 

8.5 

145 

7.5 

2.8 

5 

0 

2.1 

Bulb 

8.5 

145 

7. 5 

2.55 

2 

2 

3,0 

Cathode 

6.0 

96 

7.0 

3.0 

5 

0 

3,0 

Anode 

6.0 

96 

7,5 

3.05 

5 

0 

3,0 

Bulb 

6.0 

96 

7 5 

3.2 

2 

2 

4.0 

Cathode. 

7.0 

145 

7.5 

4.05 

5 

0 

4.0 

Anode 

7.0 

145 

7.5 

4.1 

5 

5 

4.0 

Bulb 

7.0 

145 

7.5 

4.1 

2 

2 

4.5 

Cathode 

7.5 

145 

7.5 

4.49 

5 

1 0 

4.5 

Anode 

7.5 

145 

7.5 

4.5 

5 

I 5 

4-5 

Bulb 

7.5 

145 

1 

7.5 

4.5 

2 

2 

5,0 

Cathode 

7.5 

145 

7.5 

4,9 

5 

0 

5 0 

Anode 

7.5 

145 

! 7.5 

5.1 

5 

5 

5.0 

Bulb 

7.5 

145 

S' 7.5 

5.0 

2 

2 

6,0 

Cathode 

8.0 

140 

6.5 

5.95 

5 

0 

6.0 

Anode 

8.0 

140 

5.5 

5.90 

5 

5 

6.0 

Bulb 

8.0 

140 

5.5 

6.0 

2 

2 

8.0 

Cathode 

8.0 

145 

5.0 

6.8 

5 

0 

8.0 

Anode 

8.0 

145 

6.0 

7.0 

5 

1 ' s 

8.0 

Bulb ' 

8.0 

145 

6.0 

7.0 

2 

i 2 

0.0. 

Cathode. 

8.0 

145 

5.0 

8.90 

5 

0 

9.0 

Anode 

8.0 

145 

5,0 

8.95 

! 5 

6 

, '9.0' 

Bulb ' ' 

8.0 

145 

5.0 

9.0 

2 

'2 
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DISCUSSION 

From the results obtained it appears that electrophoresis at pH 4 
should separate the virus from at least some of the proteins present 
in the plant extract. Cohn, Gross, and Johnson^ gave evidence that 
certain of the proteins in tomato juice have an isoelectric point around 
pH 5 and it is probable that some of the proteins in tobacco also have 
isoelectric points above pH 4. Such proteins would migrate to the 
cathode at pH 4 and would therefore be separated from the virus, 
which migrates to the anode at this pH. 

The fact that the virus did not migrate to the cathode at low pH 
values indicates that the virus did not adsorb sufficient protein to 
modify its electrophoretic behavior and suggests that the observed 
electrophoretic behavior of the virus is similar to that which would 
be exhibited by the pure virus. 

An electrophoretic behavior such as that observed would be 
expected if the surface of the virus particles were composed largely 
of compoimds which are weak acids. Such compounds would exist as 
dissociated salts at high pH values, the anion on the surface of the 
particle giving it a negative charge. At lower pH values such com- 
pounds would be changed to undissociated weak acids which would 
not confer a charge on the surface of the particles. 

According to Bayliss^^^ '^practically all inert substances are nega- 
tive to pure water. In acid solution they are either positive or less, 
negative than in pure water, while in alkaline solutions the negative 
charge is increased.’^ 

Loeb^^^^ studied the electrophoretic behavior of a number of kinds 
of chemically inert particles such as mastic, graphite, gold and 
collodion. In eoncentrations of HCl below M/128 these particles had 
a negative charge. In M/128 to M/32 HCl a slight positive charge 
was produced on mastic, graphite, and gold, but collodion remained 
negative even in M/8 HCl. 

The electrophoretic behavior of bacteria as discussed earlier in the 
paper is very similar to that of the particles of mastic, graphite, and 
gold studied by Loeb. 

Since viruses and bacteriophages have been considered by numer- 
ous workers to be non-living and enzymic in nature it may be of 
interest to briefly discuss the evidence upon this point which is 
afforded by the electrophoretic behavior of enzymes. According to 
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Waksiiiaii and Davison^'*^®-’ invertase is isoelectric at pH 5, catalase at 
pH 7, trypsin at pH 10.2. These isoelectric points are all higher than 
is usually foimcl for bacteria. 

Tobacco mosaic virus exhibited an electrophoretic behavior very 
similar to that of bacteria and chemically inert particles, the only 
difference being* in the failure of the virus to migrate to the cathode 
at, pH values below 3. 

The failure of the mrus to migrate to the cathodci at low pH values 
is of questionable ^significance. Most bacteria that have been studied 
have carried a relatively weak positive charge at pH values around 
1 to 3. Winslow, Falk, and CaulfiekT®^^ found that the most rapid 
inoveiiient of B. cereMs toward the cathode was 2.8 microns per second 
at pH 1.5 while the most rapid migration toward the anode was at 
pH 7.2 when a migration velocity of 10.6 microns per second was 
attained. It is possible that the virus may have carried a weak positive 
charge at certain of the pH values at which it appeared to be isoelec- 
tric but that its rate of migration was so slow that it was not detected. 

Several workers have shown that the migration of bacteria, toward 
the cathode may be inhibited by certain salts in the solution. For 
example, Winslow, Falk, and Caulfield^®®^ found that the addition of 
.363M NaCl prevented the migration of B. cereus toward the cathode. 
Thus it appears that the potential at the surface of bacteria when they 
tend to migrate toward the cathode is so slight as to be easily inhibited 
by various constituents in the siirromiding medium. It therefore 
appears that we cannot consider the failure of tobacco mosaic to 
migrate to the cathode as evidence that it is of a different nature from 
bacteria. ' 

Our results do not agree wdth those of Yinson and Petre,^®®^ who 
report^ed that tobacco mosaic virus migrated to the negative electrode 
when contained in a concentrated tomato extract having a pH of 4,76. 
The reason for this difference in results is not evident. 


SXJMMARY 

TJnpurified tobacco mosaic virus migrated to the anode during 
eleetroplioresis between pH 4 and pH 9. No migration of the virus 
was detected between pH 3 and 1.2. 
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MASS PEODITCTION OF EGG PARASITES OF 
THE GENUS TRICHOGEAMMA^ 

STANLEY E. ELANDEBS3 


INTEOBUCTION 

Of tlie comparatiYely small number of entomopliagous insects whose 
habits and host relations appear to make them usable in biological 
control work, the hymenopteroiis egg-parasite, Tricliogramma, has, 
probably received the widest attention. Attempts have been made to 
utilize it in every phase of biological control, by protection through 
proper cultural practices, by introduction to establish it in new 
habitats, and by production in quantities for mass liberations. The 
liberation of Tricliogramma in great numbers may prove to be a 
practical method for the control of several species of injurious insects. 

The following account gives the origin and development of the 
mass production® of Tne/iopmwmu and the methods of utilizing it. 

Tricliogramma mdnutum Eiley was used in this work becaiivse it is 
the most common representative of the genus in California. The char- 
acteristics that adapt it for mass production are probably generic. 

mABAGTm 0¥ TBICHOGBAMMA 

The genus Trichogramma was established by ’Westwood^^®^ in 
1833. The type specimens were found on an oak leaf in Bpping 
Forest. There are few distinct species. The species most frequently 

1 The material for this paper was eoUeeted, for the most part, while author was 
employed by the Saticoy Walnut Growers' Association, Satieoy, California. 

2 Parasite Collector, Citrus Experiment Station, University of California. 

s The first, and so far only, successful application of the mass-production idea 
oceuiTed in California. Thei*e a method was developed for utilizing Cryptolaemm 
montrowieri Muls., an introduced coleopterous predator of the citrophilus mealv- 
hllg.« Vv,':: 
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eneoiiiiterecl in Europe and America are T, evanescens Westw. and' 
T.. mmuinm Riley. The latter is not well differentiated morphologic - 
ally from T, evmieseens, ■ In America, the genus was first recorded 
when Lintner^^"' reared Trickogramma ymnuium from saw-fly eggs at 
ITticaj New York, in 1866. 

The adult parasite is less than 1 nun in length and is brightly 
colored. Its wings are refringent and appear in direct sunlight,, a 
brilliant purple, its eyes are bright red, and its body varies from dark 
brown to clear .yellow. 

This ehalcicl is widely distributed, and its hosts, according to 
Martin,”®’ nnmber well over one hundred and fifty species in the 
orders Lepidoptera, Coleoptera, Hymenoptera, Nenroptera, Bipt^ra, 
and Ileniiptera. It has been known to attempt oviposition in globules 
of ckra juice, the swollen abdomen of the mite, Pedicidoides sp., paper 
smeared with the hair covering of the egg masses of the brown-tail 
moth, and in the dry excrement of adult moths. The majority of its 
hosts, however, are lepidopterous, and its oviposition is usually con- 
fined to eggs in exposed places unprotected by a hard or sticky cover- 
ing. Eggs on a sticky or very pubescent surface are relatively 
immune to attack. The highest ninnber of ii^ividiials developing in 
a single hyinenopteroiis host egg was noted by Severin and Severin^-^^ 
w^ho found thirty pupae in an egg oi Cmil ex ameHcana- Leach. 
Patterson”"^ reared thirty-seven adults from a single egg of Goloradia 
pandora Blake, a lepidopterous host. 

According to Howard and Piske”^^ there are two ” races of the 
minutum-like f onn of Tnchogramma which differ only in that one 
is thelyotokoiis and the other arrhenotokous. The former is reported 
only from Europe. Marchal”^/ found, in addition, color differences 
and no interbreeding*, and suggested that if observations were made 
from various hosts and localities a number of strains of Trickogramma 
would be found having .the status of races or elementary species. 
Girault^^^ states that undoubtedly ‘‘biological species’’ exist The 
■races ot ■ TrkMogrampm wh-en reared , under identical environmental 
conditioiis may possibly be differentiated by the length of their life 
cycles and amount of pigmentation in the adult females. 

The life cycle from egg to adult varies according to the host and 
with the prevailing temperature. The shortest life cycle of TrkJio- 
gramma observed by the writer, occurred in the eggs of Epkestia 
eaiiteUa Wlk. At temperaturek between 91‘’-95° F it eompieted its 
life cycle in 144 hours. The pupal stage was reached 72 hours after 
oviposition. 
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After about one-tliird of tbe time required for the eoinpletioii of 
the hf 0' eycle has elapsed, host eggs begin to turn dark and finally 
become more or less black. This change is brought about in the eggs 
of all host species by preparation of the larva for pupation. lii 
flattened types of eggs, such as the eggs of Alahama and Carpoca-psu, 
after the enclosed parasites have formed their pupae, the shell some- 
times shrinks about them, leaving little oval cells indicating the 
position of the parasites. When ready to emerge the parasite cuts a 
hole in the shell just large enough for it to struggle through. Triclio- 
gramma does not void meconium until after emergence. At emergence 
it is sexually mature. 

Light intensity appears to be the dominating factor in the activity 
of Tridiogramma. Emergence from the host egg is stimulated by 
light; in confinement it is positively phototropic ; an increase in light 
intensity appears to stimulate copulation, and a decrease in light 
intensity retards activity. Locomotion ceases when light intensity 
is low. 

Howard and Piske^^^’ found that Trichogramma can be reared 
from infertile eggs or eggs killed by cold storage, but no-t from eggs 
in which the embryologieai development has passed beyond a certain 
point prior to attack or from eggs very often stung. 


ADAPTABILITY OF TRICHOGEAMMA TO BIOLOGICAL 
CONTEOL WOKK 

■ Thirty -five years ago Enoch called attention to the possibilities 
in Vfa,rming^ Trichogramma on a large scale. Recent investigations 
show that it is adapted to this work in many ways. Some of the biotic 
eharaeteristics that determine its adaptability are as follows: 

1. It mates and oviposits readily in confinement. 

2, It develops to maturity in the eggs of moths which feed in 

stored grain. 

A ft' has a short life: cycle. 

4. Its development extends throughout a greater teinperature 

range than many of its hosts. 

5. At'.has' a :greatwmriety,,of.'host|. : 

6. It accommodates itself as to hnmber of generations according 

to the host it parasitized, ascertained by Marehal.^^^^ 

7. It develops throughout the year, temperature and food permit- 

8. It has few competing species and no known secondary parasites. 
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9. It maiiitaiiis a eoueeutration sufficient to effect a local reduction 
of tlie host. Dispersal is so localized that its effectiveness is 
measurable. 

Factors that limit to some extent its adaptability are as follows : 

1. It does not appear to be specific as to host location; it appar- 

ently finds its host by means of random movements, tending 
to climb upward and fly downward. 

2. It will deposit more eggs in a host than can develop to maturity. 
8. It will oviposit in eggs too far developed to enable the parasite 

to mature, ' 

4. Under natural conditions while in the host egg it is prey to such 
predators as ants, ladybird beetles, and mites. 


ABUNDANCE OP TRICHOGRAMMA AS AFFECTED BY 
FARM PRACTICES 

Cultural practices such as the burning of sugar-cane trasld^^' and 
the flooding of cranberry bogs^®^ appear to reduce the abundance of 
Trichogramma the following spring. Experiments in the maintenance 
of Triclwgmmmm^ in the sugar-cane fields of Louisiana through the 
conservation of cane trash have been eondueted during the past ten 
years, but proof of its hibernation in cane trash is lacking. TrieJio- 
gramma dies within its host when the latter remains submerged in 
water. During the submei^ence of its host, however, it may develop 
to the late pupal stage. 

Clean euitivation, by reducing the number and variety of the food 
plants of the hosts of TricKogranwia^ acts as a check on the natural 
abundance of the latter. In southern California there is a noticeable 
difference between the degree of parasitism of the codling moth in 
orchards and on fruit trees in dooryard situations where food plants 
of moths are present throughout the year. Properly managed cover 
crops may aid parasitism under orchard conditions. 

As a rule, the hosts of TricJwgramma dxe widely distributed general 
feeders and adaptive siiccessM insects that have a large excess of 
progeny. As a group, they are benefited by the attack of this parasite, 
since it tends to prevent them from completely using up their food 
supply. Under natural conditions a very liigh degree of parasitism 
aften occurs late in the season when the host is abundant. Smee the 
excess of progeny is greatest in plant environments as modified by 
man, Trichogramma may be of value in maintaining such pest popu- 
lations below the economic zero. 
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EAELY METHODS OP INCREASING PARASITE 
POPULATION 

Owing to tlie extreme variability of its food supply tbe appearance 
of Trichogramma under natural conditions is seasonal and irregular. 
Organized production as a means o-f overcoming this handicap cap- 
tured the imagination of entomologists in Europe and America. The 
objective of AMs early work was to advance the date of effective 
abundance by accelerating the natural aeci'etion with liberations made 
early in the season. 

In 1909 Howard and Piske^^^^ liberated a great many thousands 
against the brown-tail moth. The parasites were held in cold storage 
in brown-tail moth eggs. These eggs had been collected in the field 
the previous summer and then parasitized. 

The habit of the brown-tail moth of depositing its eggs in masses 
prevents control by Trichogramma, for the parasite can attack only 
the outer eggs. Howard and Piske concluded, however, that since it 
is an efScient parasite on numerous other hosts it wmuld, at some 
future time, be possible to utilize it. Mokrzecki and Bragina^^**^ in 
1913 fomid/that the number of Trichogramma which it is possible to 
rear in the laboratoiy is theoretically unlimited. Mokrzecki, how^ever, 
cautioned the Russian fruit growers against exaggerated expectation 
in the results of the artificial production of this parasite and its use 
against the codling moth. 

The earliest method of laboratory host production was that used 
by Pospelow^^®^ who reared larvae from the winter imagos of Euxoa 
sepeifwn (Schiff.) on sprouted wheat and slices of potato. Later 
Portchinsky^^®^ suggested collecting large quantities of overwintering 
larvae or pupae of a prohfic host of Trichogram>yna, forcing their 
early maturity and oviposition, and parasitizing their eggs with 
Trichogramma earned over for that purpose from the preceding 
season. He advocated the use of Phalera hucephala L., since the 
overwintering pupae could be purchased elieaply. 

Later if was found that the eggs of Mt^ehmella Zell, were 

suitable for the reproduction of Trichogramma and were more readily 
obtained. In Japan Ephestm has been used recently to produce 
Trichogramma for use agmnst the rice moth. The susceptibility of 
Ephesiia to larval parasitism and the webbing haM the larva 
tended to limit its use in quantity pfoductiom 

Another method proposed by Vuillet^^^^ and also by liarland^®^ 
was that of increasing the abundance of hosts on the windward side 
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of infested plantings. For example, Mamesira hrassicae L. was sug- 
gested as a preliniinary host adjaeent to a Tiiieyard infested with 
Polyehrods hoi rami Sehiff. Den Doop states that the spread of 
the parasite is most probably due to the midday winds. If such is 
the ease, such a method has possibilities. 

A natural condition somewhat similar occurred in southern 
California in 1926 when the codling moth was found to be heavily 
parasitized as early as the middle of May. The butterfly, Vanessa 
eardiii L., had occurred in great numbers during March and April 
and had deposited quantities of eggs on weeds everywhere. It appears 
probable that this butterfly served as a preliminary host to Triclio- 
grwmnui. Whatever the preliminary host may have been, two hundred 
out of three hundred codling moth eggs on one walnut tree were found 
to be parasitized prior to May 25. 


INITIATION OF MASS PRODUCTION 

In April, 1925, Harry S. Smith had suggested to the writer that 
Trickogramma- mimitum was the most adaptable egg parasite with 
which to attempt the biological control of the codling moth since it 
l^is well adapted to this purpose and breeds with extreme rapidity/’ 
Cohsequently, when its natural effectiveness was manifested so strik- 
ingly in 1926, the possibility of using it in control work was given 
serious consideration. 

/ The failure of other workers to accomplish results indicated that 
success could be attained only by the low-cost production of great 
quantities of Tmdiuprammu so that it could be made effective in the 
field through sheer force of numbers. 

With this idea in mind experimentation began August 11, 1926. 
Ten females reared from tortricid eggs secimed in the field on walnuts 
were allowed to oviposit in the eggs oi Mphestm hiehniella. /The 
second to fourth generations were reared on the lichen moth, lUiee' 
tiex^Boisd., and the potato tuber moth, Phthonmaea ■operculella ZelL 
The tifth generation was reared on Sitoiroga cereaUlla, Oliv., which 
was selected for further experimentation because it was available in 
large numbers and had the convenient habit of ovipositing in narrow 
crevices, fonniiig an egg mass of one layer. The use of this moth 
as laboratory host made possible the solution of the problem of the 
mass production of Trickogramma. 

The eggs of Ephestia eawtella were tested by the writer in Mexico 
but proved to be unsuitable for mass production, although Tricho- 
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gramma in several instanccKS showed a marked preference for them. 
The larvae from eggs escaping parasitism spun a dense webbing over 
the adjacent eggs and also fed on them. 

During October about a million silk-worm eggs were donated by 
the American Silk Factors, Inc., at San Diego for testing as a labora- 
tory host of Tricliogrammmu Although the silk-worm egg proved to 
be attractive, the tough chorion prevented oviposition. Ten females 
were observed on one egg, each drilling vigorously in an effort to 
oviposit. . ' * 


EFFECT OF HC T ON THE PARASITES 

Directly or indirectly the host influences the size, longevity, and 
fecundity of the adult parasite. In an egg maturing only one parasite, 
the size of the mature parasite is determined by the size of the egg. 
When the egg is super-parasitized its size only determines the number 
of parasites developing in it, A single adult reared from a potato- 
tuber-moth egg has a larger body than an adult from a Sitotroga egg, 
but in length they are equal. In the field where one to four parasites 
develop in a codling-moth egg the single parasite may be twice the 
length of the smallest of the four parasites. The larger the parasite 
the more young it is capable of producing. Trichogramma reared on 
Sitotroga eggs were allowed to oviposit in the large eggs of an arctiid 
moth. Two of their offspring produced 240 progeny on Sitotroga^ 
whereas the maximum progeny per female in successive generations 
on Sitotroga 4:5, 

It is douhtf III, however, if large eggs will prove to have any 
advantage in artificial production over an equal number of small eggs 
because of super-parasitism, A Sitotroga egg rarely yields more 
than one Trichogramma. Larger eggs which allow the development 
of more than one parasite may produce under laboratory conditions 
parasites smaller and weaker than those from Sitotroga eggs. If the 
shell of the host egg is relatively hard they may be linable to emerge. 

The longevity of parasites reared on the eggs of Ephestia cautella 
appears to be much shorter than those reared on Sitotraga,/ '■ 

A dependable source of an enormous amount of host material is 
necessary for maximum production. On October 1, 1928, the writer 
secured three female parasites from codling moth eggs in the Lloyd- 
Biitler orchard at Saticoy. At the end of seven weeks the progeny of 
these, composing the sixth generation, amounted to about 300,000. 
The supply of moth eggs available was inadequate to maintain such 
multiplication. 
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ADAPTABILITY OF TO THE MASS 

PRODUCTION OF TRICEOGRAMMA 

Sitotroga cer&alslla to be peculiarly adapted to the quantity 

production of Triclio gramma. Numerous generations can be reared 
in rapid suecessioii from stored grain under regulated conditions. 

The life cycle of Sitotroga in the laboratory is about 28 days and 
its fecundity at least 50 eggs per female. A high rate of reproduction 
can therefore be obtained. 

The habits and tropisms of Sitotroga and their value in the 
mechanical manipulation of production are as follows: 

The newly hatched larvae are negatively phototropic and positively 
geotropic so that corn in bulk can be easily infested. The feeding 
and the pupal stages occur within the kernels of grain so that the 
interspaces are not clogged with frass and webbing. The newly 
emerged moths therefore have free egress from the deeper layers of 
grain. Incidentally, this grain has a higher sales value after being 
used than grain matted wdth webbing and excreta. 

The newly emei^ed moths are as flexible in their movements as 
are larvae and at first are negatively geotropic and thigmotropic so 
that they all issue from compaetly arranged tilted bins. They return 
to the corn to oviposit but do no-t remain there. No- dead moths are 
found when the bins are emptied. 

The moths mate promptly after emergence and their pre-oviposition 
period, as Simmons and Ellington^^^^ observed, is lesks than. 24 hours 
under laboratory conditions. Maximum oviposition occurs within 60 
hours after emergence, so that the moths can be handled in crowded 
egg-deposition cages w^herein the adult life is shortened to two or three 
days. 

During the daytime moths tend to crawd upward and come to rest 
in positions of positive thigmotropism and negative phototropism. 
Loose boards resting against vertical surfaces serve as Urapsd 
' The oviposition responses of the females facilitate the collection of 
eggs. Crevices about 0.23 mm or 0.01 inch in width stimulate egg 
deposition. By crowding the bottom of the egg cages with moths their 
bodies form crevices that stimulate egg deposition and the constant 
shifting causes the eggs to drop through the 20-mesh screen into a 
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The chorion of a Siiotroga is relatively tough so it can he 
handled in mass as readily as grains of rice. The egg is of a size that 
prevents, as a rule, the development of more than one Triclio gramma. 
In mass production the average, size of the parasites probably is 
greater than .would be the case if either larger or smaller host eggs 
were used. 

Under normal conditions Sitoiroga oviposits only in crevices but 
the pressure from a strong current of air directed against a 20-mesh 
screen can be substituted. The positive anemotropic females come to 
rest where the air velocity is optimum, thrust their ovipositors through 
the mesh against the air current, and extrude their eggs, which either 
adhere to the screen or fall free. Egg deposition is thus obtained by 
a forced draft. The eggs may be prevented from hatching and held 
for long periods before being parasitized. According to Back^^^ their 
exposure to 1° F for 24 hours prevents hatching. 

Sitoiroga has relatively few enemies ; bacterial and fungoid diseases 
are rare. In common wdth other insects, however, it suffers from the 
ravages of the mite Pediculoides ventricosiis Newport. A large mite, 
Tyroglyphus sp., feeds to some extent on the eggs, the flat grain beetle, 
Cryptolestes pusilUis Schon., will attack the newly hatched larva, and 
Dihrachys ’bonchemms Eatzeburg parasitizes the pupae. P. ventri- 
however, was the only one of these to interfere with production 
in this experiment. 


THE CHEONOLOGICAL DEVELOPMENT OF EEAEING 

METHODS" 

The development of rearing methods progressed rapidly because 
of the favorable habits and tropisms of the moths. 

In August, 1926, about 500 pounds of infested corn was secured 
from a neighboring grower and placed in shallow bins. In this pre- 
liminary work the moths were collected in small glass vials, about a 
half-dozen to the vial. Since the female normally oviposits only in 
crevices, two slips of cardboard held together by metal clips were 
placed in each vial. The eggs were deposited in masses of a single 
layer which adhered to the cardboard. Each day the cardboards were 
removed and placed in vials containing newly emerged parasites. 

The outside surfaces of the bins and the entire inside surface, of 
the rearing room was painted green in order that the moths at rest on 

4 The writer is indebted to P. P. Wright, T*aboratory Assistant during May, 
June, and July, 1927, for many helpful suggestions. 
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them could be easily observed. Early in the experiment the amount 
of infested corn was increased to nearly 2 tons and was placed in nine 
bins built one above the other 5% inches apart (%. 1). Each bin 
measured 12 feet long, 3 feet wide, and 3 inches deep. During October, 
1926, in order to handle the increase in moth production, 1-gallon 
battery jars were adopted for egg deposition and halves of petri dishes 
inverted on square pieces of stiff cardboard for parasite cages. 



i-ig. 1 . iype of corn Inns used iu 1927. Note the heating unit at 
the rear. (Photo from Los Angeles Times.) 

By the first of May, 1927, the daily production of Trichogramma 
amounted to about 25,000. The equipment and method of banHling 

tkem in use was as follows: 

1. 30 egg-deposition cages eonsistiag of 

(а) 30 1-gallon cylindrical glass battery jars (numbered 

secutively). 

(б ) 30 celluloid cones fitted to corresponding jars and also 


num- 

were written with ink and covered 
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thinly with shellac.) The cones were made from sheet 
celluloid and held in shape with eehnloid cement. Each 
cone was about 6% inches in height and open at each 
end, the diameter at the small end being 1 inch and that 
of the large end equaling the inside diameter of the jar. 

(c) 30 circular celluloid grates 3% inches in diameter. Each 

was formed from a celluloid disk by cutting out seven 
narrow strips % inch in width to within % inch of the 
circumference. 

(d) 30 pieces of unbleached sponge to place in the small end 

of each cone. 

2. A large quantity of circular smooth egg-cards 3^/^ inches in 
diameter. 

3. A large quantity of blotting paper in strips (% inch x 8 inches) . 

In assembling an egg-deposition cage a grating was fastened to a 
circular cardboard with metal clips so that there was no appreciable 
space between the two disks. This egg-card was then inserted in a 
tongue slit cut in the celluloid cone about 2^/^ inches from its base so 
that the egg-card was held in a vertical position at right angles to the 
base. The cone was then placed in its jar, point first, touching the 
glass only with its base, the cone being held in position by its base 
being wedged at the opening of the jar. When the cones had been 
in nse several days the blotting-paper strips were employed to help 
bind the cones in place, A single strip was wedgdd in between the 
cone and the jar. 

The moths on the room surfaces and on the under-surfaces of the 
bin covers were gathered a few at a time in a large vial and quickly 
dumped into an egg-deposition cage through the interior of the cone 
until about 400 were trapped in the cage. As each cage was stocked 
a sponge saturated with water was placed in the small opening of the 
cone to provide the moths with moisture and to prevent them from 
gaining access to the interior of the cone, which formed the exterior 
of the cage. The cage was then inverted and set aside for 24 hours. 

When thirty egg-deposition cages were used they were handled as 
follows: 

Twenty cages were kept stacked continuously. Each morning the 
moths in these were transferred to the ten reserve cages. After the 
used cages were taken apart, cleaned, and reassembled, ten of them 
were restocked with new moths, leaving ten cages in reserve for the 
following morning. 
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The transfer of the moths was accomplished by removing* the cone 
and strip, plaeing a sheet of paper over the jar to retain' the moths, 
inverting the jar over a freshly -made up cage, removing the paper 
and blowing forcibly between the narimw space between the jars. 

The moths deposited an average of 1,000 eggs on the egg-card 
beneath the celluloid grate and quantities on the strip at the base. All 
loose eggs deposited in the moth debris were collected, sifted, and 
scattered evenly over egg-cards covered with shellac*. 

TMs equipment was too cumbersome and it was decided to decrease 
the equipment and at the same time increase production. 

A suction cap connected with a vacuum pump was designed which 
fitted over the jars and enabled the operator to collect moths with a 
great saving of time. Glass shelves were substituted for the cardboard 
bases of the parasite cages and eliminated a source of trouble. 

The fact that the moths also oviposited in debris at the bottom of 
the cages led to the development of a greatly simplified method of 
obtaining eggs. In May, 1927, the battery jars were replaced by two 
cardboard cylinders capped on each end with 20-mesh brass sieves. 
Sufficient moths were collected and dumped in these cages to cover the 
bottom. The crevices formed by their bodies stimulated egg deposition. 
By this means free eggs were obtained. This was desirable for several 
reasons. The free eggs could be evenly distributed in a single layer 
over cards of uniform size and thus afford a fairly accurate means 
of measuring produetion. When thus fastened to the egg-card the 
dai^er of a larva hatching from an unparasitized egg and accidentally 
destroying parasitized eggs around it was negligible. A moth oviposit- 
ing in a crevice deposits her eggs in a horizontal position in a compact 
mass. The larva emerging at the cephalic pole of the egg may pass 
through a number of parasitized eggs. 

Collection of the moths was facilitated by placing light boards 
across the top of each bin so that they were in contact with the com. 
Each board measured 3 feet x 5 inches x % inch. The moths gathered 
in numbers on the ventral surface of the board. When collecting the 
moths each board was removed and the moths scooped up with the 
collecting hose. 

With these changes in; method parasite production increased to 
pOyOOO daily in July, 1927/ In order to increase the capacity of the 
inseetary for 1928 production, a more compact type of corn bin was 
designed which, permitted the use of at least three times the amount 
of com possible witti the open Mhs in the same amount of space. 
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A description of the equipment used in 1928 follows : 

Tlie insectary of the Saticoy Walnut Growers^ AssociatioUj where 
Trichogramma production was initiated (%. 2), was divided into two 
compartments : the lahoratory-ofSce and the rearing room. The rear- 
ing-room ceiling and walls were lined with piaster board and the floor 
was of wood. The inside dimensions were : length 17 feet, width 
15% feet, height 8 feet. Two windows, 24 inches high, extended the 
length of each side. Circulation of air was obtained by means of a 
rotary ventilator w^hich operates whenever the wind velocity exceeds 



Fig. 2. Insectary of the Saticoy Walnut Growers^ Association, 
wliere mass production of Tno/tof/mmmct originated. 





two miles an hour. The air passed down through floor openings and 
upward through an 8-inch pipe that extended above the roof. The room 
was heated by eight electric heating units controlled by a thermostat. 

The grain containers (fig. 3) were shallow bins with covers made 
of strong slats set % inch apart, Bach bin was 5 feet long, 2 feet wide, 
and 4 inches deep, with all outside surfaces smooth. The slats were 
% inch wide and % inch thick and surfaced on three sides. The rough 
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Mg. 4. Side view of bins in position. 

side formed the inner surface of the cover. To save construction costs 
the bins were not constructed to permit filling and emptying without 
removing from the stacks. , 

As the bins were placed in; the gearing room they were filled with 
biha |:j;'fffirtni3^':,two' 

:bn:a: ^aselKiard ; 
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the bins were set at an an^ie with the floor of about 25 degrees. If 
this angle is 22; degrees or less bin covers are not needed to hold the 
corn in place. The bin stacks and enclosures occupied a floor space 
13 feet by 12 feet. A solid wooden cover was placed on the top bin 
of each stack. 



Fig. 5. Moth enclosure between stacks of bins. 


The moth enclosure (fig. 5) was 13 feet long, 26 inches wide, and 
8 feet high. The air entered the enclosure through ventilators and 
passed downward between the bins into the surrounding room. All 
the moths emerging from t^^ acenmulated in the moth enclosure. 
Crevices other than those leading into the grain were filled with putty. 

The moths were drawn into a 1^-ineh hose 17 feet long through a 
soft-nosed nozzle inserted in the end of the hose. The nozzle used was 
a standard vacuum-cleaner attachment, one end of which is compresed 
to make an opening 2 inches long and % inch wide. The hose led 
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into a receptacle (%. 6) consisting of a gallon battery jar containing 
an interiorly directed truncated celluloid cone and a tin cover 6 inches 
in diameter and 4 inches high. The cover was provided with - an inlet 
terminating a short distance above the smallei* end of the cone and 
below a horizontal wire screen above which was an outlet that con- 
nected with the source of partial vacuum. The moths were prevented 
from passing out of the receptacle through the outlet by the wire 



Pig. 6. Entrance to moth enclosure and moth trap in position. 

screen and were retained in the jar by the cone. The wire, screen also 
served to hold the inlet tube in position. The jar could be removed 
from under the metal cover without loss of moths. 

After removal the jar was shaken sharply to cause the moths to 
settle in the bottom. The moths were then dumped into the egg- 
deposition cages (%. 7)^ 4- strong current of air passing across the 
top of the cage tends to inhibit dhe flight of the moths. The 20-mesh 
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The egg-deposition cages consisted of smooth, cardboard cylinders 
capped on each end with 20-mesh brass sieves. Enough moths were 
placed in each cylinder to cover the bottom screen so as to prevent 
any light from filtering through. The cag’es were then set over a 
truncated trough (fig. 8) beneath which was placed a sheet of paper 
to catch the eggs dropping tlnoiigh. A mild current of air was 
circulated beneath the cages to carry away the scale dust. 

The equipment for preparing the eggs for parasitism (fig. 10) 
consisted of 18- and 30-mesh wire strainers, moth-rinsing jar, filter 



Bg. 7. Emptying moths from trap into egg-deposition cage. 

paper and funnel, shellac, brushes, and cardboard disks or egg-eards. 
The diameter of each egg-card was 3% inches ; that of the aperture 
in the center ineht^^ W the eggs were evenly distributed over 
the card the approximate number of eggs could be defemined by 
multiplying the number of %gs visible in the low-power field of the- 
binocular microscope by the number of times the area of the card 
exceeded that of the microscope field. The cards were placed on 
spindles (fig. 11) for storage and shipment in mailing tubes. 
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The iiiiier face of each window in the rearing room was lined with 
a tier of six plate-glass shelves 5 inches wide (%. 12). The shelf 
capacity was sufficient for 600 petri-dish cages. These were selected 
for their even edges so that when inverted on plate glass they would 
make contact at every point and prevent the escape of the parasites. 
The inside diameter of the petri-dish cages was 3% inches and they 



Fig. 8. Egg- deposition cages in position over trough. 


eaaily covered the 3^-incli e^-cards. ‘With this type of cage the egg- 
eards can be quickly removed and replaced with practically no loss 
of parties. /• , 

, An electric refri^ra^, If for the cold storage of the para- 
sitized eggs. The freezing unit “dcrieed” daily in order that the 
refrigerator might be u^d continuously. The dehydrating effect of 
the freezing unit in operation can he minimized by placing the para- 
sitized in Wrti^t cnntainers in the storage compartment 
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Fig. 9, Separating eggs from moth dehris before winnowing. 
(Photo from Los Angeles Times.) 
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Pig. 11. Egg-cards on spindle for convenience in handling. 
(Photo from Los Angeles Times.) 


Pig, 12. in on plate-glass shelves. 
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Fig 14. Lammert compressor as a source of suction for moth collection. 
On the box is the type Of trap used. 


Fig. 13. Mailing tubes containing parasitized eggs in cold storage. 
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The Laminert compressor (fig. 14) was connected with the moth 
trap by 17 feet of 1-ineh pipe. It was operated by a 1% H.P. motor, 
and the full amount of suction when used with a 1)4 -inch collecting 
hose did not injure the moths. 

A Eoyal dryer can be used instead of the compressor. It has the 
advantage of being portable. It can be fastened to the suction cap 
as in figure 17. 



Fig. 15. Humidifier on outside of inseetary. 


The humidifier (fig. 15) was set in operation when the humidity 
in the moth enclosure dropped below 55 per cent. This apparatus 
consisted of a fiattened sheet-iron funnel about 30 inches in length. 
A very small stream of water under high pressure was injected 
through the bottom of the funnel. This was broken into a spray and 
vaporized by passing it through an 80-mesh screen. A fan forced 
the moisture laden air into the moth enclosure through the ventilator. 
Two wire screen 4 inches apart in the large end of the funnel served 
to collect the excess water in the air and pass it outward. The inner 
screen, which is next to the spray inlet, was made of ordinary fly 
screening, and the outer one of 20-mesh screen. It is preferable to 
place the humidifier in the rearing room and recirculate the room air. 
A more uniform vaporization is obtained. 


REARING EXPBRIINCBS IN 1928 

In preparation for the 1928 production % ton of white corn was 
vacuum-fumigated with carbon disulfide for 24 hours and then placed 
in one of the rooms of the county inseetary August 10, 1927. The 
temperature of this room was maintained at 80° P. Beginning several 
days later thousands of SUotroga eggs were placed on the com daily 
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By tlie first of October the old infested corn had been removed 
from the rearing room and sold for stock feed. Pending the resump- 
tion of moth production a million parasitized eggs were placed in cold 
storage in the local meat market 

Upon completion of the new bins the first of November the half 
ton of newly infested corn and an additional ton of iininfested corn 
were placed in the rearing room. Unfortunately, the precautions 
taken to prevent an infestation of the black weevil, SitopJiUus orymli., 
had not been sufficient, for several specimens were found in the bottom 
of the containers. These became so numerous by March as to be 
troublesome during the eolleetion of the moths. 

On December 7 the remaining bins were filled with 71/2 tons of 
newly harvested corn. Some of the corn, which at the time felt heavy 
with moisture when held in the hand, later developed mold to the 
extent that infestation by the moths was prevented in eighteen of the 
bins. Moths began to emerge from the rest of the corn the first week 
in January. One hundred kernels from the upper part of one bin 
showed an infestation of 30 per cent on January 30. 

At this time parasite production recommenced. By the first week 
in February 150,000 eggs were collected daily and parasitized. The 
number of moths then began gradually to decrease. 

In order to bring about an increase, all of the eggs collected during 
the first 5 days in March were blown back into the bins. As a result 
there was a marked increase on March 28, and during the first week 
in April an egg production of 400,000 was attained. This peak, how- 
ever, was followed by a rapid drop in production until by the middle 
of April the daily production was less than 50,000. During a 3-day 
period ending April 15 all of the eggs were again replaced. 

On April 20 it was fonnd that the corn contained only about 6 per 
cent of moisture. The rapid circulation of air maintamed to prevent 
the corn from molding had evidently been continued too long. An 
indicator that should have received recognition was the foreign grain 
beetle, GMlmrius 'advem WaltL This fungus feeder was very abun- 
dant while the mold was developing on the corn but about the middle 
. of March it suddenly disappeared. 

In order to rapidly raise the moisture content of the corn the entire 
9 tons was removed, run through a fanning mill, sprinkled with 
quantities of water, and then replaced. This procedure occupied 5 
days beginning April 24 and raised the moisture content of the corn 
about 3 per cent. 

The percentage of infestation in the com was ascertained at this 
time. A count of the emergence holes in the kernels showed that the 
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upper or inner portions of the bin a,veraged 27 per cent, the middle 
6 per cent, and the lower or outer portion 11 per cent. Probably most 
of this infestation took place during the months of December, J anuary, 
and February. 

On the thirteenth day after the replacement of the corn an egg 
production of 150,000 was again reached. This occurred 28 days after 
the second replacement of eggs. After this peak, however, production 
rapidly declined to zerO'. ■ • 

Many moths emerged hut hardly had their wings expanded when 
they dropped to the floor and succumbed to some obscure ailment. 
The floor was swept twice daily, yet 6 hours after each sweeping it 
would be covered with moths showing no sign of injury or wear. 
Many of the moths died in copula and the females were turgid with 

A microscopic examination of the sweepings revealed the presence 
of the mite, Pedieuloides ventric-osus^ in great numbers. It was found 
in greater abundance on the top surfaces of the bin stacks. It attacked 
both the egg and the adult. The mite Tyroglyphm also disappeared 
with the advent of P. ventricosus. 

The last full egg-card to be prepared was found to he infested with 
many mites. An examination of egg-cards prepared only a week 
earlier, however, showed no infestation. 

Tlxis rapid rise in abundance of mites indicates that conditions 
prior to the removal and replacement of the corn had not been 
optimum for their development. The high humidity maintained after 
the mstallation of the humidifier on April 28 may have been the 
immediate cause of the outbreak.' The relative humidity was main- 
tained at an average of approximately 70 per cent, 30 per cent higher 
than was maintained before the installation of the humidifier. 

The mites, however, had probably been present for a considerable 
time, for dead moths had been observed on the floor in March. It is 
possible that mites instead of lack of moisture were responsible for 
the earlier reduction in moth production. 

The mites are very snseeptible to sulfur fumes. On May 19 the 
9 tons of corn w^ere fumigated with 12 pounds of liquid sulfur dioxide. 
For several days thereafter it was impossible to find any mites, but a 
week later they were again plentiful. Sulfur dioxide apparently acts 
as a repellant and also as a poison to the black weevil It caused great 
numbers of them to leave the bins and their audible gnawing of the 
corn ceased almost entirely. Ten niore pounds of sulfur dioxide were 
applied late in June gainst the, mites, ^eatly reducing their numbers. 
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All of tlie corn was again removed July 17. On tMs occasion it was 
noted that all of the black weevils in many of the bins w^ere dead. 

From the beginning conditions in the rearing room were more 
favorable to the development of the Sitotroga than for either EpJiestia 
heuhniella or Plodia interpimctelldy for although the latter were 
present in small numbers early in the season they disappeared almost 
entirely. Since Sitotroga larvae occasionally attack each other, they 
may have been the cause of the disappearance of the other moths. 

The destructive weevil can be elhninated by the sterilization of the 
rearing room and vacuum fumigation of the new stock of grain prior 
to its inoculation with Sitotroga. 

In September the used corn was sold for $1.95 a hundred pounds 
and 5 tons of new corn purchased. This was fumigated in a vacuum 
for 48 hours with hydrocyanic-acid gas and for 48 hours with carbon 
bisulfide. The rearing room was cleaned and then fumigated with 
liquid sulfur dioxide and hydrocyanic-acid gas. On October 7 the 
upper halves of the bins were filled with a total of 9,300 pounds of 
corn. During the following month almost a million moth eggs were 
placed on the corn. The eggs were obtained from a half ton of infested 
corn at the county insectary. The room was kept heated artificially 
until the heat of infestation was sufficient to keep the temperature in 
the bins at 70° to 95° F, which accox’ding to Baek^^^ is high enough 
for rapid development. With production under way it is desirable 
that the air into which the moths emerge should be cooler than the 
corn. The moth-rearing room should, therefore, be separate from the 
room used for moth egg-deposition and parasitism. As Schulze^^®^ 
found, a temperature of 81° F is optimum for Trichogramnia 
propagation. 

The daily collection of moths for egg production commenced 
December 10. Production increased until on January 20 the collec- 
tion of eggs reached 600,000 daily. A month later, however, Pedicn- 
loides stopped e^g production entirely. It is possible that insects such 
as the cadelle beetle and flat grain beetle are carriers of this mite and 
were responsible for its introduction to the rearing room. 

The mite hazard could probahly be reduced to a minimum by build- 
ing up an infestation in eight weeks to a level at which egg production 
is sufficient for economical parasite propagation, i.e., 100,000 eggs 
daily per ton of corn used, maintaining this rate of production for 
about four weeks, and then fumigating the corn and reinfesting it 
or renewing with fresh corn. 

To insure uninterrupted production auxiliary rearing rooms are 
necessary. 



490 


Hilgardia 


[ VoL 4, No. 16 


DAILY PROCEDURE IN PRODUCTION IN 1928 

The procedure followed in the daily routine of production was as 
follows : 

Once every 24 hours the eggs in the trough beneath the egg cages 
were eolleeted, screened, and winnowed of moth appendages and scales* 
The cages were lightly shaken to dislodge eggs adhering to the moths. 

The accumulated eggs were then poured onto freshly shellacked 
cardboard disks and all of the eggs not adhering were shaken off. The 
shellac at the moment of applying the eggs must be sticky enough to 
hold the eggs but not so fluid as to engulf them. It is best applied with 
a small brush. 

After allowing the cards to dry for about half an hour or until 
the alcohol in the shellac has evaporated, they were placed in the 
parasite cages for a period of 24 hours with night illumination. 



Fig. 16. A fresli egg-eard and segment of emergence card. 

(Photo from Los Angeles Times.) 

Before the introduction of the new egg-cards, one-third of a card 
(fig. 16), from which parasites had begun to emerge, was placed in 
the parasite cages to provide the stock required to impregnate at 
least 90 per cent of the new eggs. 

Each emergence card was used for two days so that a six-fold 
increase was obtained.'’ ' , '' ' 

At the end of 24 hours the new e^-cards were removed and sus- 
pended on hooks to aid the negatively ' ^hototropic and positively 
geotropic larvae from mparafitteed ^gs to leave the cards. Three 
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days la.ter tte parasitized eggs had turned black, an indication that 
the parasites were in the prepupal stage. The cards were then placed 
in cold storage (fig. 13), one-sixth being retained for emergence cards. 

After the coileetion of eggs and the preparation of the parasite 
cages, the day^s crop of moths was gathered by means of the vaciiiim 
collector and dumped into the egg-deposition ehaniber. 

After remaining in the egg-deposition chamber 2 days the moths 
were poured into^, wire strainer and rinsed under water pressure to 
remove the adhering eggs. These eggs settled to the bottom of the 
container and the debris rising to the surface was drained of. The eggs 
were then separated out by means of filter paper or an 80-mesh brass 
sieve from which, after drying, the eggs were easily brushed off- 
Thoiisands of eggs were conserved in this manner in addition to those 
collected daily from beneath each cage. 

When mailing cans were used for parasite cages the egg-cards were 
made in oblong sheets that fitted closely to the inside surface of the 
cages. These cards were pinned in position. Each card carried on 
one side about 150,000 eggs, or 6 eggs to each square millimeter. This 
type of cage was used in the same manner as the petri-dish cage. 
When inverted on the plate-glass shelves the metal bottom of the 
container reflected the light from below. Mercury Ampor tubes 24 
inches long fastened to the ventral surface of the glass shelves may 
be used for illumination. 

TBICHOGBAMMA FROI>VCT10 IN MEXICO 

In the spring of 1929 the writer, at the request of Senor Diego 
Redo, initiated the production of on his sugar plan- 

tation on the west coast of Mexico. The native strain of Trichogramma 
was used. The initial stock was obtained the last of February from 
parasitized eggs of the milkweed butterfly, Dafmus menippe (Hbn.). 
A great quantity of corn, shelled and on the ear, stored in bulk in the 
plantation warehouse, was found to be heavily infested with many 
kinds of grain pests, but cYde&j Sitotmga, The burlap method was 
devised for collecting the moths. Burlap sacks were laid out evenly 
on the surface of the corn. Moths congregated on the ventral surface 
in numbers. Once or twice a day each sack was lifted clear of the 
grain and looped to form a funnel, the lower end encircling a cylin- 
drical receptacle made of 20-mesh brass screen about 8 inches in 
diameter. Several sharp blows on the burlap precipitated the moths 
into the screen container. This container was then used as an eg|- 



492 


Silgardia 


[Vol. 4, No. 16 


deposition cage. It was placed in a housing so constructed that when 
a strong current of air was directed on it, oviposition was stimulated. 
Eggs not adhering to the outside surface of the screen dropped into a 
trough beneath. The outside of the cylinder was often white with 
eggs wiiich were easily brushed off. 

By the first of June the laboratory operator reported a daily 
production of 400,000. 



Mg. 17. Interior of tlie Redo y Cia Insectary at Eldorado, Mexico. Note 
the plate-glass shelves and the mailing tubes used as parasite cages. 


The equipment used in handling the hovst eggs and the parasites 
was as follows : , 

FOR HAlSmUING EGGS 

2 20-mesh screen cylinders (8 x 18 inches) with removable cap. 
1 electric fan. 

1 26-mesh wire strainer. 

1 18-mesh wire strainer. 

1 roll of meehanies pattern paper for egg-cards. 

1 pair of shears. 

1 gallon of white shellac. 

1 brush for applying shellac. 

1 brush for removing eggs from egg-deposition cylinders. 

1 16-mesh strainer (6 inches in diameter in which to wash dead 
moths. 

1 80-mesh brass sieve to strain out eggs washed from moths. 

1 brush to remove eggs when dried. 

2 glass gallon jars (6 inci^ in diametei^. 
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FOR COLLECTING MOTHS 

A number of burlap sacks. 

1 Royal electric dryer mounted on a suction cap fitted to a glass 

gallon jar and having a 1^/4 -inch hose 5 feet in length attached. 

FOR PARASITIZING EQUIPMENT 

50 feet of plate glass 4 to 5 inches in width. 

2 dozen selected glass petri dishes (4 inches in diameter). 

12 dozen mailing tubes (5 x 3^4 inches) with metal bottoms. 

Several sheets of emery paper to smooth down rims of the mailing 
tubes used as parasite cages. 

6 dozen rolls of fine wire. 


STORAGE OF miOHOGBAMMA 

The optimum conditions for the cold storage of Trichonronmia 
minutum have yet to be worked out. Fiske^^^^ kept parasitized eggs 
successfully for about ten months at temperatures of 28° to 30° P, 
placing them in cold storage thd moment they began to turn black. 
He found*^^^^ that if the young parasites are subjected to a low tem- 
perature their development is delayed many days even though exposed 
later to continuous high temperatures. 

Mokrzecki and Bragina^^®^ were able to maintain Trichogramima 
semblidis in cold storage for ten months. They reported that hiber- 
nation sets in at 38° to 39° P. Zorin^^®^ found that the larvae of 
r. evamscens when kept at a temperature of 50° and 51.8° P enter 
the diapause and do not pupate. 

Trihfiogrwmma reached maturity in 32 days when the average mean 
daily temperature for the period of development was 55.4° P. Tw^enty- 
six days were required at 58° F. The life cycle as determined by 
Mokrzecki was 38 to 43 days at temperatures from 48° to 52° P. 

In March, 1928, a well-parasitized egg-card was sent to E. J. 
Newcomer at Yakima, W ashington. He was notified that the parasites 
should emerge beginning March 19. This they did, but as he had no 
host eggs he placed the card in the cellar where the temperature was 
from 45° to 55° P. A month later he was considerably surprised to 
Imd many of t^^^^ 

The cold-storage facilities on trans-Pacific steamers made it possible 
to successfully transmit severaT thousand parasitized eggs to Australia 
in August, 1927. 
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la two local strains of Trichogramma there is a noticeable difference 
ill coloration between the females developing at high temperatures and 
those at low temperatures. The bodies of the former are light yellow, 
while the latter are as dark as the males. The strain from a cool moist 
coastal region turn dark at a higher temperature than the strain from 
a hotj dry interior valley. 


PROCEDURE IN FIELD LIBEEATIONS 

The procedure in liberation of the Trichogramma in the field was 
as follows : 

The egg-eards were placed in the field just as emergence began. 
The cards were cut into sections of 10,000 eggs and a fine wire several 
inches in length was attached to each section. 

Each section was suspended from the lower portion of the food 
plant of the host. The parasites are usually negatively geotropic. An 
egg-card suspended by the fine wire is protected to a greater degree 
from attack by predators than when in contact with the plant. 

In timing the sequence of field liberations an increase or decrease 
of one degree in the mean daily temperature was considered as 
shortening or lengthening the developmental period one day. 


REACTION GP TRICEOGEAMMA TO FIELD CONDITIONS 

Complete emergence in the field required usually from 3 to 6 days. 
After 6 days the cards were examined to determine the amount of 
emergence. The fact that the males remain on the card, attracted by 
the emerging females, insures reproduction in the field, for unmated 
females produce only males. Male parasites may be found on the 
cards long after the females have left. 

The rate of dispersion from the point of liberation varied directly 
with the daytime temperature and light intensity and inversely with 
the excessive air movement and surface moisture. 

For a period of 8 days many parasites were found on the ventral 
surface of leaves in the immediate vicinity of an egg-card when the 
mean daily temperature had been 58® F. If the weather was cool and 
cloudy the parasites crawled up the wire in search of protected ventral 

111 the field optimum temperature conditions for the increase of 
Trichogramma may be at a lower level than that which is optimum 



J line, 1930 ] Flanders : Mass Froduction of Egg Parasites of Trichogramma 495 

for the development of its host. For any increase to take place, 
however, it is essential that the distribution of the host eggs be dense 
enough to permit the parasite population bridging the gaps between 
them. The rate of increase tends to vary inversely as the square of 
the average distance separating the hosts. 

At Satieoy where the normal mean temperature in summer is about 
65° F a high degree of codling-moth parasitism is obtained by the 
liberation of TricJwgramma. The comparatively low temperature and 
corresponding high humidity prolongs the life of the parasites, increas- 
ing the amount of ovulation and the chance of finding a larger number 
of host eggs than may occur when temperatures are higher and host 
eggs more abundant. Sehulze^-^‘ found that the life of the adult 
seldom exceeded one day at 89.6° F but at 77° F they lived an average 
of 13 davYS. Hase^®^ kept adults alive with an abundance of food and 
at room temperature for 30 days. At high temperature and low 
humidity the activity of Trichogramma appears excessive and aimless. 
Mokrzecki and Bragina^^®^ found that in the laboratory temperature 
of 95° to 100° F were fatal. 

According to Barber^-^ Trm/iopmmwu appears to parasitize the 
European corn borer most effectively in cool seasons. He states that 
^‘the probable longer periods of life of adults [of the corn borer], 
caused by low temperatures, served to spread oviposition over a rela- 
tively longer period, which was favorable for the development of the 
egg parasite Trichogramma Riley, and the relatively fewer 

eggs deposited per female probably served to increase the importance of 
the parasite. ” That is, in the cooler seasons the more uniform supply 
of host eggs insures the increase of Trichogramma and the smaller 
number of eggs results in a higher percentage of parasitism. The 
most important effect, however, is the lengthening of the incubation 
period of the host egg, exposing it to attack for a longer period. The 
temperatures at which parasitism takes place range from about 60° 
to 100° F- The developmental range of the parasite is from about 
40° to 100° F. It is therefore probable that in some of its host rela- 
tions the sphere of activity of each parasite and the percentage of 
parasitism is greatest when the daily temperatures are somewhat below 
the optimum for the increase of its host. The actual amount of 
parasitism, however, is determined by the host population. 
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EFFECT OF LIBERATIONS 

In determining the effect of liberations the natural parasitism must 
be taken into consideration. 

The earliest record of eodling-'-moth parasitism in the vicinity of 
Saticoy was made in 1924. On a walnut tree in the center of a 70-acre 
grove 348 eggs were found to be 5 per cent parasitized. Most of this 
parasitism was due to Prospaltella sp.^ In 1926 on a walnut tree 461 
eggs were found to be 49 per cent parasitized. 

TABLE 1 

Natural Ann Artificial Parasitism During a Three-year. Period on One Tree 
Near the Center op a 30-Acre Walnut GtROvei 


Weekly inspection 




June 

July 

August 

1926 

Live eggs 

68 

61 

1 

154 

196 • 

131 

48 

36 

86 

1 

Natural 

Hatched eggs (no record) 


parasitism 

Black parasitized ; 

0 

5 

20 

29 

38 

15 

12 

5 

0 





'1927 , ... 

Live eggs 




50 

54 

. 11 

3 

.7 

0 

Artificial 

Hatched eggs.... 




0 

5 

' 34 

14 

0 

0 

parasitism 

Black parasitized 




0 

26 

51 

20 

17 

4 







1928 

Live eggs : 


. 64 

279 

156 

131 

! 171 


107 


Artificial 

Hatched eggs 


20 

35 

19 

119 

116 


105 


parasitism 

Black parasitized 


2 ! 

3 

63 

184 

1 52 


23 

i 









In 1927 40,000 Trickogramma were liberated one week prior to the first inspection. 

In 19^ 9,000 Trickogramma were liberated at the first inspection. 

Black parasitized eggs appear the second week after liberation. 

Natural parasitism on the walnut codling moth in 1927 and 1928 was very light. 

In 1927^®^ and 1928 the natural parasitism of codling-moth eggs on 
walnut trees was very light. Hundreds of walnut trees were closely 
examined each year by four trained inspectors. The highest number 
of parasitized eggs found on any walnut tree since 1926 was 12 and 
these were aH due to Prospaltella. 

In 1928 it was found that the parasitism of eodling-motli eggs on 
dooryard pears and apples was in some cases nearly 50 per cent. 

5 All the knotvn species in this genus of parasites attack armored scales or 
white flies. That its attack on the codling-moth egg is accidental is borne out 
by the fact that so far only males have been obtained. It is a factoi’j lioweverj 
in the evaluation of natural parasitism. Unlike the sac-like larve of Triclio- 
gramma, the larva of FrospalteUa is eel-like and more active and voids solid 
meconium prior to pupation. The pt:esenee of this excrement indicates Prospal- 
t^lla as having parasitized the egg. 
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Several liimdred of the parasitized eggs were examined and^ it was 
found that 30 per cent of the parasitism was due to ProspaltelM: 

Observations were made of the parasitism on one walnut tree for 
three successive years (table 1). Each year codling-moth eggs were 
found on this tree in greater numbers than on any other tree in the 
vicinit 3 ^ Parasitism on surrounding trees was very' light. 

In 1927 many thousands of Trickogramma were liberated in the 
walnut groves of the Association but accurate checks upon the per- 
centage of parasitism were made only^^ on six trees (table 2). The 
percentage of parasitism was first ascertained about two weeks after 
the first liberation when the parasitized eggs turn black. The effect 
of the release of Trichogramma wms to increase the percentage of 
parasitism in three weeks from less than 1 per cent up to as high as 
52.4 per cent on the most highly infested trees. 


TABLE 2 

PARASITISM BESULTING PROM THE LIBERATION OP APPROXIMATELY 100,000 
Trichogramma on Six Walnut Trees June 27 and July 6 , 1927 


Tree 

A 

B 

G 1 

D i 

E 

F 

Average 

Number liberated 

25,000 

15,000 

10,000 

15,000 

10,000 

25,000 

16,666.6 

Hatched eggs 

127 

68 

124 

94 

88 ' 

109 

101.6 

Parasitized 

140 

26 

30 

66 

41 

'■47 

58 3 

Per cent parasitized 

52.4 

27.6 

19.5 

41.2 

■ 31.8 

30.1 

36.4 


Natural parasitism was less than 1 per cent. 

The cards were placed on the trees 1 day prior to emergence. The amount of emergence was not 
determined. 


In 1928 fewer parasites were available owing to the destruction of 
the laboratory host by Pedictdoides. Cold-storage parasites, however, 
were liberated on one highly infested walnut tree and also on nine 
apples and pears on the Lloyd-Butler Ranch. As in 1927 a marked 
increase in parasitism followed the liberation (table 3). A comparison 
was made between the artificial parasitism obtained on the pears and 
apples on the Lloyd-Butler Ranch and the natural parasitism on check 
pear and apple trees located 3 miles distant. The parasitism on these 
cheek trees was the highest of any trees examined for use as checks. 
The highest natiiral parasitism was 45.7 per cent and the highest 
artificial parasitism was 72.9 per cent. The parasitism on each tree 
in the test plot was higher than 45.7 per cent, the maximum natural 
parasitism on the check trees. Because of the natural parasitism 
the influence of the liberated parasites on the toM parasitism was 
probably greatly reduced, 
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In May, 1928, the writer sent 40,000 parasitized eggs to C. H. 
Aklen in Georgia. In June he reported that the parasites emerging 
from them were very effective; over' 200 codling-moth eggs were 
parasitized in approximately 220 eggs under observation. 

TABLE 3 

Natural Plus Artificial Parasitism ■ in ■ 1928 ox I>oor-yari> Apple anl Pear 
Trees Luring First-Brood Ego Deposition 


Summary of observations made eacii week from May 25 to June 29 on pear 



PI* 

P2 

P3 

P4 

P5 

P6 

P7 

cit 

C2 

C3 


1,200 

3,800 

4,500 

1,200 

2,5C0 






Late of liberation 

May 5 

May 5 

May 13 

May 5 

May 5 * 






Hatched 

63 

145 

154 

105 

49 

45 

22 

157 

110 

139 

Parasitized 

170 

161 

257 

267 

67 

72 

19 

75 

60 

117 

Per cent 

.72.9 

52.6 

62.5 

71.7 ' 

57.5 

6L5 

46.3 

32.3 

35.3 

45.7 


Summary of observations made each week from June 1 to June 29 on apple 



Al* 

A2 

A3 

A4 

tC4 

Number liberated 

3,000 I 
May 13 ] 

56 

121 

68.3 

3,800 
May 5-13 

47 

80 

63,0 

2, SCO 
May 13-20 
92 

166 

62.9 

3, SCO 
May 6-15 

60 

83 

58,0 


Date of liberation 


Hatched 

103 

18 

14.8 

Parasitized 

Per cent 



* AH trees marked P and A form a small door-yard orchard on the Lloyd-Butler Ranch, 
t AH trees marked C are located three miles west of trees A and P. 

Cards were placed on the trees the day emergence began. 


POSSIBILITIES IN THE USE OP TBICEOGBAUMA 

Tlie possibilities in the practical use of Trichogramma in biological 
Control work deserves full investigation, since the production of this 
parasite in large quantities is now feasible. 

Within the last two years over a score of entomologists have turned 
their attention to Trichogramma, and are investigating its use against 
the codling moth, the European com borer, sugar-cane borer, the 
pecan nut ease-borer, the corn ear worm, celery leaf-tyer, tea tortrix, 
oriental peach moth, rice moth, and cabbage butterfly. 

In case of field-erop insects such as the European corn borer, early 
mass liberations when host eggs are fairly abundant and there is no 
natural parasitism may result in the building up of a parasite popu- 
lation early in the season. In such a case success is dependent on the 
natm-al accretion. 
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To employ tliis accretive method in the field when host eggs are 
comparatively scarce is useless. If liberations are delayed until the 
host eggs become abundant the aeceleration of the natural parasitism 
probably would not be affected by the addition of more parasites. The 
saturation point of Triehogramma is not likely to- be advanced since 
its survival potential decreases as its density of population increases 
above a certain, point: The saturation point appears to be determined 
by unknown environmental complexes. For the parasite to be of value 
its population at this >saturation point must be dense enough to prevent 
the host from becoming economically injurious. The most likely means 
by which the degree of parasitism may be built up earlier in the season 
is through utilizing egg-concentration centers. In the ease of night- 
flying hosts having females which are in some degree positively photo- 
tropic, egg deposition may be concentrated in the vicinity of lighted 
points in the infested area. Triehogramma could then be colonized 
at such focal points and an early increase in parasitism started. 

In the control of orchard insects, such as the codling moth or 
orange tortrix, parasites should be liberated each week or twice a week 
during the first part of the egg-deposition period of the moth, includ- 
ing the peak of egg deposition, possibly 10,000 to 50,000 being placed 
on each tree during the season. This type of control is analogous to 
spraying and dusting, in that a greater amount of lethal material is 
used than is actually effective, that repetition may be necessary, and 
that the effect is more or less immediate. This might be called the 
inundative methods 

In the control of the codling moth on apple trees the first effort 
will be to substitute for the cover-spray applications 

of lead a.rsena.te and thus eliminate the arsenical residue problem. 

The basis for commercial control by means of this parasite is mass 
production at a low cost. It is probable that in the near future 
improved methods in rearing will reduce the cost of Triehogramma 
production to less than $10.00 per million. 



500 


Hilgat'dia 


[Vol. No. 1() 


LITEEATURB CITED 

1 BacKj E. a. 

1922. Angoumois grain moth. U. S, Dept. Agr. Farmers^ Bui. 1156:6"-7. 
2B,AiiBEE, G. W, 

1925. A study of the decrease of the European eornborer. Ecology 6:39-47. 
^estDoop, X E. a. 

1918. Be verspreiding van Triclw gramma, den eiparasiet van Heliotlm 
ohsoleta Fabricius, ter Oostkust van Sumatra. Mededeelingeii van 
, bet Deli Proef station 19:213-220. 

Aenock, F. 

1895. [Eemarks on Tricliogramina evanescem Westw. recorded by the 
Secretary of the South London Entomol. and Nat. Hist. Society.] 
The Entomologist 28:283. 
s FKwnERS, S. E. 

1927. Biological control of the codling moth- Jour. Econ. Entomol. 20:644. 
QFeanklin, H. X 

1915. Beport of Cranberry Substation for 1914. Massachusetts Agr. Exp. 

^ Sta. Bui. 160:110-112. 

7 Giratjlt, a. a. 

1911. Synonymic and descriptive notes on the Clialcidoid family Tricho- 
grammatidae with descriptions of new species. Trans. Amer. 
/ Entomol. Soc. 87:43-55. 

s'Habeanb, S. C. 

1916. Notes on Trichogramma minutum (Pretiosa). West Indian Bui. 

15:168-175. 

9 Has®, a. 

1925. Beitrage zur Lehensgesehiehte der Schlupfwespe Trichogramma 
evanescens Westw. Arb. Biol. Beichsanst. Land-Forstw, Berlin 
14:171-224. 

10' Holloway/ T. B. 

1913. Some methods of handling minute hymenopterous parasites. Jour. 
Econ. Entomol. 6:341-344. 

ii HOEEOWAY, T. E.j W. E. Haley, and IT. S. Lophn*. 

1928. The sugar-cane moth borer in the United States. U. S. Dept, Agr. 

^ Tech. Bui. 41:40-63. 

is HowAR©, L. 0., and W, F. Fiske. 

1911. The importation into the United States of the parasites of the 
gipsy moth and the brown tail moth. U. S. Dept. Agr. Bur. 
Entomol, Bui. 91:256— 260. 

13 Lintner, X a.. ' 

1882. On an egg parasite of the currant saw-fly {Nematm vent rioosus). 
' ■ Psyche 4:48-51. ' ' , 

1^'Marchal, P. 

1927. Contribution a Petude genotypique et phenotypique des Trieho- 
grammes. Les lignees naturelles de Triehogrammes. Compt. 
Bend. Acad. Sci. France i8S;489-493, 521-523. 



Jmiej 1930] Flanders: Mass Frochiciion of Egg FarasUes of Tricliogram ma 501 




Martin, C. H. 

. 1928. Biological studies of two liTmenopterous parasites of aquatic insect 
^ eggs. Entomoi, Americ. 8:105-131. 

Mokrzecki, S. a., and A. P. Bragina. 

1916. The rearing of Tricho gramma semhlidis Aur. and T. fasciatum P. in 
the laboratorj and temperature experiments on them. Salgir Exp. 
‘ Pomological Station, Simferopol, Crimea. (Text Eussian.) (As 
j abstracted in Eev. Appl. Entom. ser. A 5:155-156. 1917.) 

II Patterson, J. E. 

1929. The Pandora moth, a periodic pest of western pine forests. Ph S. 
Dept. Agr. Tech. Bui. 135:1-19. 

IS'I^ORTGHXNSKY, I. A. 

1913. Fhalera hucepJiala L. and its importance for the artificial breeding 
of Fentarthron (Oopthora) senMidis in winter. Memoirs Bur, 
Ent. Sci. Committee. Central Board of Land Adm. and Agr. 
10:1-16, illus. (Text Russian.) (As abstracted in Rev. Appl. 
Entom. ser. A 1:317-318. 1913.) 

19 Riley, C. Y, 

1885. Fourth report of the Enited States Entomological Commission, 
r. S. Dept. Agr. 1883-6:102-104. 

20 Schulze, H. 

1926. tiber die fruchtbarkeit der Schlupfwespe Trichogramma evanesce7is 
Westwood. Zeitschr. Morph, u. Oekol. Tiere 6:553-585, 2 figs., 
^ 11 refs. 

21 Severin, H. C. M., and H. H. P. Seyerin.. 

1908. Habits of the American saw-fly (Cimbex ameneana) with observa- 
tions on its egg parasite {Trichogramma pretiosa). Trans. Wis, 
Acad. Sci. Arts and Letters 16:61-76. 

/ 22 Simmons, Perez, and Q. W. Ellington. 

1924. Biology of the Angoumois grain moth — progress report. Jour. 
Econ. Entoniol, 17:41-45. 


A 


3 Smith, H. S., and H. M. Armitage. 

1920. Biological control of mealybugs in California. 
Bept. Agr. Monthiv Bui. 9:104-158. 

w/' ' : ‘ ' 


California State 


Y'uilett, a. 

1914. Utilization de certains . insectes phytophages dans la lutte coiitre 
/ les ennemisj^es plantes cultivees. Revue Scientifique 52:526-530. 

Westwood,. J. ,0. , ' 

1833. Descriptions of several new British forms amongst the parasitic 
hymenopterous insects. The London and Edinburgh Philosophical 
Magazine and Journal of Science 2:444. 

26 Eo®i]sr, P.:"Y., ' i' ■ 

1927. A method of Trichogramma emnesce^is Westw. Defense des 

Plantes 4:316-319'' (Leningrad).. '■..(Text Russian.)/ (.As abstracted 
in Review of Applied Entomology). 




Indian' Agricultural Research Institute (Pusa) 

LIBRARY, NEW DELHI-110012 





